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Abstract

There

is

much

evidence

demonstrating

that

bilinguals

activate

lexical

representations from both of their languages in a non-selective manner even in sentence
context. Comparatively less research has examined the extent to which bilingual lexical
representations interacts with syntactic processing in sentence context. The purpose of this
study is to examine whether bilinguals’ cross-language lexical activation could influence their
resolution of syntactic ambiguity (e.g. relative clause attachment). Proper attachment of
relative clauses (RC) to noun phrases is critical for accurate interpretation of syntactically
ambiguous sentences. For instance, the sentence The robber shot the secretary of my husband
who goes to work on weekends is syntactically ambiguous, because who could refer either to
the first noun (i.e., secretary) or the second noun (i.e., husband) in the complex noun phrase
(NP). Previous monolingual studies have shown that readers’ working memory capacity
influences their disambiguation process. Since cognates can be easier activated, we
hypothesized that when a cognate noun was presented in the complex noun phrase bilinguals
would have more mental resources available to disambiguate the attachment ambiguity.
Furthermore, previous bilingual studies have shown that monolingual Spanish and English
speakers differ in how they prefer to resolve this type of ambiguity. Spanish speakers prefer to
resolve the ambiguity by attaching to the first noun and English speakers prefer to attach the
second noun. Therefore, in this study we also tested what disambiguation preferences do
Spanish-English bilinguals have when they use both languages on a daily bases. This study
consisted of two experiments. In each experiment, Spanish-English bilinguals participated in
a Sentences Reading Task monitored by an eye-tracker and a reading span task. In experiment
1, I tested whether putting a cognate at the first noun or the second noun position would help
bilinguals disambiguate the sentences faster. In experiment 2, I tested the effect of semantic
vi

overlap on resolving the syntactic ambiguity of the sentences. More specifically, this
experiment included nouns that differ in whether they share all meanings (e.g. piano), only
one meaning (e.g. arm) or no meaning (e.g. fin) with Spanish. Using the sentences that are
temporally ambiguous (e.g. The security guard shot the daughter of the actor, who just
started kindergarten last year), I have found that bilinguals who attend an English instruction
institution show second noun attachment preference even when their self-rating language
proficiency is equivalent for both languages. Moreover, the result also showed that
irrespective of position of attachment (i.e., first or second noun) in a sentence and as long as
the cognate was the correct attached noun, participants significantly spent less time in the
region in which attachment is disambiguated (e.g. kindergarten). The results of reading span
also showed that as individuals’ working memory capacity increased their reading time on
disambiguating region decreased. However, words with cross-language properties can alter
the correlation between individual working memory capacity and relative clause attachment.
Results were discussed in terms of current theories of syntactic parsing and bilingual lexical
representation.
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Chapter 1: Introduction

How do we understand sentences? Reading is more than just recognizing a stream of
individual words. Successful reading involves computing the semantic and syntactic relations
among words, phrases and sentences, while constructing a meaningful representation of what
is being read. To examine the nature of the cognitive processes that guide reading
comprehension, researches often present readers with sentences that have some type of
syntactic or lexical ambiguity. For example, in sentence (1) the noun manuscript can refer to
the direct object (DO, e.g. (1) A), or to the subject of an embedded clause (SC, e.g. (1) B) .
(1) The historian read the manuscript…….
A. during the trip.
B. had been destroyed in the fire.
When reading sentences such as (1), do readers keep all possible interpretations in mind
or do they chose one of the interpretations at first and revise later if necessary? The gardenpath model suggested that readers first construct the initial interpretation based on the basic
syntactic structure, and then revise that interpretation if the new information is inconsistent
with the initial interpretation (Frazier, 1990; Frazier & Clifton, 1996). The garden-path model
is a serial model, which means that each step occurs in a sequence. However, other studies
suggest that readers use multiple sources of interactive information to constrain interpretation
throughout the reading process (MacDonald, Pearlmutter, & Seidenberg, 1994; Garnsey,
Pearlmutter, Myers, & Lotocky, 1997; Traxler & Tooley, 2007). According to these
interactive models, lexical or semantic information interacts with syntactic information during
sentence processing. In the present study, I tested the hypothesis that lexical and syntactic
representations interact during sentence processing. Moreover, I sought to extend current
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interactive models by examining the nature of lexical and syntactic interactions for bilingual
readers.
What is the primary difference between monolingual and bilingual reading? The
biggest difference is that the bilingual reader has two languages in one mind. Thus, anytime a
bilingual reads a sentence it is potentially influenced by information activated across two
language systems. Much research has demonstrated that at the lexical level there is crosslanguage activation of information, and this coactivation occurs despite a bilingual’s
intentions to process one language only. This non-selectivity has been observed for out-ofcontext tasks and also for sentence context tasks (e.g. de Bruijn, Dijkstra, Chwilla, &
Schriefers 2001; Dijkstra, De Bruijn, Schriefers, & Brinke 2000; Dijkstra & Van Hell, 2003;
Elston-Güttler, Gunter, & Kotz, 2005; Gollan, Forster, & Frost, 1997; Jared & Kroll, 2001;
Van Heuven, Dijkstra, Grainger, & Schriefers, 2001; Schwartz, Kroll, & Diaz, 2007;
Schwartz & Kroll, 2006; Schwartz, Yeh, & Shaw, 2008). Recently, research has shown
evidence of cross-language interactions at the syntactic level as well. For example, syntactic
priming has been found between Dutch and English (Desmet & Declercq, 2006; Schoonbaert,
Hartsuiker & Pickering, 2007; Kootstra, van Hell & Dijkstra, 2010) and between Spanish and
English (Hartsuiker, Pickering, & Veltkamp, 2004). Furthermore, bilinguals’ syntactic parsing
preferences have been shown to be affected by coactivation of preferences across their two
languages (Dussias & Sagarra, 2007).
By demonstrating cross-language activation at the syntactic and lexical levels, available
research demonstrates that bilingual reading is dynamic and interactive within a level of
processing (i.e., lexical or syntactic). However, to the best of my knowledge, only two studies
Schoonbaert et al. (2007) and Hashimoto (2010) have addressed whether the interactive
nature of bilingual sentence processing also applies across levels of analysis and how this
interactivity might be modulated by other factors. In the present study I hypothesized that
2

cross-language activation of a non-target language at the lexical level would feed forward and
interact with processing at the syntactic level; thus increasing the degree to which that
language further influences processing of syntactic structures. Since both lexical and syntactic
processes consume mental resources (Arêas da Luz Fontes & Schwartz, 2010; Felser, Marnis
& Clahsen, 2003; Miyake, Just, & Carpenter, 1994; Swets, Desmet, Hambrick & Ferreira,
2007; Traxler, 2007; Gunter, Wagner & Friederici, 2003), I further hypothesized that the
degree to which this feed-forward activation influences co-activation would be mediated by
bilinguals’ working memory capacity. In the following sections relevant research on lexical
and syntactic interaction, syntactic activation and ambiguity resolution (particularly relative
clause attachment) are reviewed.

1.1 INTERACTION BETWEEN LEXICAL AND SYNTACTIC LEVELS OF PROCESSING DURING
READING
In order to comprehend sentences, readers use syntactic and semantic relations to
integrate newly encountered information with previously-processed information. However,
oftentimes syntactic and semantic relations among words are ambiguous, allowing for more
than one way of integrating information. Take the sentence ”The horse raced past the barn
fell” as an example. Readers usually experience difficulty comprehending this sentence.
When they see the verb “fell”, the initial preference is to assume that “raced” is the main verb
of the sentence when actually it belongs to a reduced relative clause. According to the
Garden-path model this phenomenon implies that reading is a modular, serial process
(Frazier, 1990; Frazier et al., 1996; Friederici, 2002). The syntactic process of assigning
“raced” as the main verb is initially unaffected by information available at the lexical level
(e.g., semantic information provided by individual words). Therefore, this view assumes that
processing is serial and non-interactive such that syntactic analysis is processed before lexical
information. Moreover, an individual’s working memory resources to compute and store
3

information is limited, so only the most basic syntactic structure will be processed at first (i.e.
assigning raced as the main verb of the sentence).
According to this type of serial, syntactic-first model, it is not likely that semantic
information can constrain the syntactic process; however, the syntactic process may constrain
semantic process. This assumption was supported by Hagroot (2003) in which participants
were asked to read sentences that contained semantic and syntactic violations while ERP
waves were recorded. The syntactic violation consisted of grammatical gender and number
features of definite articles. The semantic violation consisted of semantically implausible
adjective-noun combinations in the same NP. When participants processed sentences with
combined semantic and syntactic violations, the N400 amplitude was larger than a purely
semantic violation, whereas the P600 amplitude was as large as a purely syntactic purely
violation. Since N400 is assumed to be related to semantic integration and P600 is assumed to
be related to syntactic processing, these results suggest an asymmetry between semantic and
syntactic analysis. That is, semantic processing is affected by syntactic processing, however
the syntactic process is not affected by semantic processing.
Similar to the garden-path model, a more recent model of sentence comprehension
developed based on ERP data also assumes that sentence processing is serial and syntax-first,
, and divides lexical processing into three temporal phases (Friederici, 2002). In the first
phase, during an early left anterior negativity between 100 to 200 ms, the initial syntactic
structure is formed based on the word category information. In the second phase, during the
ERP component of N400, the lexical-semantic and morphosyntactic process take places. In
the third phase, during the ERP component of P600, semantic and syntactic information are
integrated.
Contrary to syntax-first models, the constraint-based or interactive model assumes that
syntactic processing does not necessarily go first, instead lexical and syntactic processes are
4

parallel and interactive during sentence processing (MacDonald et al., 1994; Müller &
Hagoort, 2006; Garnsey et al., 1997; Traxler et al., 2007; Wilson, Garnsey, 2009; van den
Brink & Hagoort, 2004). In a single-word, two-choice go/no-go experiment (Müller &
Hagoort, 2006), participants received instruction in which grammatical gender determined the
response hand (left/right) and semantic category determined response execution (no/no-go) or
vice versa (i.e. gander=no/no-go, semantic category=response hand). The ERPs showed that
an inhibition-related N200 elicited by semantic category information occurred earlier than the
N200 elicited by grammatical gender information, therefore, syntax was not processed first.
At the sentence level, both semantic and syntactic processes found involved the constraint of
lexical selection and integration in an auditory sentence comprehension task (van den Brink &
Hagoort, 2004). In this experiment, participants listened to semantically constraining
sentences that differed across three conditions. In the fully congruent condition, the critical
words were the highest cloze probability words. In the fully incongruent condition, the critical
words violated both the syntactic (word category violation; i.e. part of speech) and semantic
constraints and had the initial phonemes that were different from the highest close probability
words. In the incongruent condition, the critical words violated the syntactic and semantic
constraints, but the initial phonemes matched the highest cloze probability words. The ERPs
results showed that both the semantic related potential (i.e. N400) and syntactic related
potentials (i.e. lateral anterior negativity and P600) were larger in the last two conditions.
Moreover, the comparison of fully incongruent condition and incongruent condition showed
that the onset latency of N400 started even earlier than left anterior negativity. Since left
anterior negativity is assumed to be related to word category violation, their results suggest
that syntactic and semantic information are processed in parallel. Together, earlier semantic
processing found at both single-word and sentence levels implies that syntactic processing
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does not necessarily happen before semantic processing but rather lexical and syntactic
processes operate in parallel.
In addition to demonstrating an overlapping time-course of semantic and syntactic
processing, studies supporting constraint-based and interactive models have also
demonstrated that certain types of lexically-based properties can influence syntactic
processing of sentences with temporal syntactic ambiguities (MacDonld et al., 1994; Garnsey
et al., 1997; Traxler et al., 2007; Wilson, Garnsey, 2009). One lexically-based property that
has been found to influence syntactic processing is verb bias.

Verb bias refers to the

likelihood of a verb co-occurring with a Direct Object (e.g. 2A and 2B) or a Subject of a
Clause (e.g. 3A and 3B). Verbs vary in the degree to which they co-occur with one or the
other. For example, the verb “admitted” in English is most likely to occur with a Subject of a
Clause. The verb “confirmed”, on the other hand, is more likely to occur with a Direct Object.
Wilson, Garnsey et al. (2009) investigated the role of verb bias in the comprehension of
sentences with temporary Direct Object / Subject of a Clause ambiguity. The specific
temporary syntactic ambiguity examined was related to whether the second noun phrase (e.g.
mistake and rumor in the following example) was a Direct Object or a Subject of a Clause.
This was disambiguated by the either a verb in the Subject Clause sentences (e.g. 2A and 3A)
or a conjunction or preposition in the Direct Object sentences (e.g. 2B and 3B). The
disambiguating regions for each sentence are underlined.
Clause-bias verb
(2A) The ticket agent admitted the mistake might not have been caught.
(2B) The ticket agent admitted the mistake because she had been caught.
Direct-bias verb
(3A) The CIA director confirmed the rumor could mean a security leak.
(3B) The CIA director confirmed the rumor when he testified before Congress.
6

For each sentence, the noun (i.e. mistake and rumor) could be interpreted as either the
Direct Object or the Subject of the Clause. If lexically-based information directly interacts
with syntactic processing, then processing should be delayed when the bias of the verb
conflicts with the actual syntactic structure of the sentence. The results of moving-window
and eye-tracking experiments both supported the hypothesized interaction. Participants spent
more time reading the disambiguating region in the sentence when the verb bias and
upcoming sentence structure were not matched. In another eye-movement study, it was also
found that the lexical properties affected the time taken to resolve syntactic ambiguity
(Traxler et al., 2007). Participants read sentences with either reduced (e.g. 4A) or full
complement clauses (e.g. 4B).
(4A) The student knew the answer was in the back of the book.
(4B) The student knew that the answer was in the back of the book.
Since the verb “knew” usually links with a direct object, (4A) is temporarily ambiguous
compared with (4B). That is to say readers are less likely to interpret “the answer” as the
subject of a reduced complement clause until they see the verb “was”. Therefore, readers
should spend more time when they encounter the other verb “was” in (4A). This was exactly
what they found in the experiment. More importantly, they also found that readers’ lexical
knowledge also affect the reduced complement clause resolution. The participants with higher
lexical knowledge spent less time one the verb “was” in (4A). These results imply that the
readers with higher lexical knowledge may have a stronger connection between the verb”
knew” and its infrequent complement argument structure.
The two studies reviewed above demonstrate that lexical-based information, such as
verb bias, can shift readers’ parsing to the direct object and sentence embedded clause
ambiguity. In an eye-tracking experiment, Hoeks, Hendriks, Vonk, Brown & Hagoort (2006)
found that the lexical-based thematic information can change readers’ parsing of a different
7

kind of syntactic ambiguity, in the sentences with temporary noun phrase (NP) and sentence
(S) coordination ambiguity. NP and S coordination ambiguity refers to readers’ preference to
interpret sentences as having a NP-coordination as in “The thief shot the jeweler and the cop
yesterday” instead of as S-coordination as in “The thief shot the jeweler and the cop
panicked”. According to the Garden-path theory, the reason of preferring the NP-coordination
is due to the fact that the NP-coordination has simpler syntactic structure than S-coordination.
However, Hoeks et al. (2006) argued that by inducing the poor thematic fit between the first
verb (e.g. shot) and the second noun (e.g. cop), processing of the S-coordination was made
easier. They used S-coordination sentences such as “Jasper sanded the board and the
carpenter scraped the paint from the doors” where there is a poor thematic fit between
sanded and carpenter, and found significantly reduced reading times in the postdisambiguating region (the two words after the second verb. i.e. the paint in this example).
Recently, the lexical mediation in syntactical process was also found in a bilingual study
(Schoonbaet, Hartsuiker, Pickering, 2007). In a picture description task, Dutch-English
bilinguals were asked to use ditransive verbs such show, give, throw and offer in English to
describe pictures. Ditransive verbs can be used in the prepositional-object structure (e.g. Tom
throws a ball to John) or double-object structure (e.g. Tom throws John a ball). During the
task, a confederate described a picture in Dutch at first (prime) and later naïve participants
described another picture in English. The critical examination was to test whether participants
would follow the same structure as the confederate used. The result showed that participants
were more likely to use the prepositional object structure when the confederate used the
prepositional object structure at first. Most importantly, this cross-language syntactic priming
was boosted when the translation-equivalent verbs were used in the primed and target
sentences.
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The main purpose of the present study is to examine whether lexical information could
affect the resolution of syntactic ambiguity for bilingual readers., Since both monolingual and
bilingual studies have demonstrated the effect of lexical-based information on the processing
of syntactic ambiguity during monolingual sentence reading, I propose that any account of
bilingual sentence processing must incorporate what is known about the specific nature of
bilingual lexical and syntactic processing. Therefore, in the next section I review the literature
demonstrating robust cross-language activation at the lexical and syntactic level.

1.2 THE CO-ACTIVATION OF BILINGUALS’ LANGUAGES
1.2.1 The Non-Selectivity of Bilingual Lexical Access
Many studies have shown that bilingual lexical access is non-selective in nature (e.g., de
Bruijn et al., 2001; Dijkstra et al., 2000; Dijkstra et al., 2003; Gollan et al., 1997; Jared et al.,
2001; Van Heuven et al., 2001; Schwartz et al., 2007). This means that when bilinguals
process words, lexical information from both languages is activated. Many of the studies
demonstrating non-selectivity have used words that are ambiguous across languages, such as
cognates. (e.g. Gollan et al., 1997; Lemhöfer, Dijkstra, & Michel, 2004; Van Hell & Dijkstra,
2002; Duyck, Van Assche, Drieghe, & Hartsuiker, 2007; Schwartz et al., 2006; Schwartz et
al., 2008; Van Hell & De Groot, 2008). Cognates are words with similar orthographic and/or
phonological form that share meaning across languages such as “piano” which is exactly the
same between Spanish and English. Generally, studies show facilitation of cognate
processing. It is assumed that this robust facilitation is due to boosted cross-language
activation of the lexical or semantic representations, so cognates can be activated faster,
stronger and sustain for a longer period time.
In addition to the cognate facilitation effect, some bilingual studies also tested the nonselective hypothesis through the use of interlingual homographs, which are words that have a
9

high degree of orthographical overlap across-languages but with different meanings (e.g., fin
means end in Spanish) (Dijkstra et al., 1998; Elston-Güttler, et al., 2005; Jared & Szucs,
2002; Libben & Titone, 2009; Von Studnitz & Green, 2002;). Effects of interlingual
homograph status have been more mixed with some studies showing null results (Gerard &
Scarborough, 1989) and others finding an inhibitory effect (Dijkstra et al., 1998; Jared et al.,
2002; Von Studnitz et al., 2002). This suggests that the two distinctive meanings compete or
inhibit with each other will delay comprehension.
Taken together, although the studies of interlingual homographs showed some mixed
findings, the majority of results for cognates clearly demonstrated non-selective activation of
a bilingual’s two languages. However, since cross-language activation was mostly found in
the studies using Roman alphabet languages such as Dutch, English, German, and Spanish, it
was not clear whether cross-language activation was restricted only to the languages that
share orthography. Recently, effects of cognate facilitation have been found between
languages with different scripts (Hoshino & Kroll, 2008). In this study, researchers compared
the Japanese-English and Spanish-English bilinguals’ picture naming performance when the
pictures’ names were English-Spanish-Japanese cognates, English-Spanish cognates and
English-Japanese cognates. Their results showed that Japanese-English bilinguals responded
faster and more accurately to the pictures whose names are English-Japanese and EnglishSpanish-Japanese cognates. This study suggests that even when two languages use different
scripts, the phonological similarity alone can trigger the cross-language activation.
In addition to test cross-language activation at the single word level, studies have also
showed that cross-language activation is very strong; it even persists in a sentence context.
(Libben et al., 2009; Schwartz & Kroll, 2006; Schwartz et al., 2008; Duyck et al., 2007; van
Hell & de Groot, 2008). The most obvious difference between single word and sentence
processing is that in a sentence the surrounding words can shape readers’ prediction of the
10

appearance of target words. For example, in the sentence “During the World Cup, my friends
and I went to play ____ every weekend.” soccer is the most plausible cloze word because the
sentence context has constrained readers to choose other candidates (i.e. high constraint).
However, in a similar sentence “During the summer, my friends and I went to play _____
every weekend”, readers should have many more plausible words to choose (i.e. low
constraint). By manipulating the sentence constraints Schwartz & Kroll (2006) conducted a
sentence reading task in rapid serial visual presentation (RSVP) paradigm and found the
cognate facilitation in English reading not only by highly proficient, but also intermediate
proficient Spanish-English bilinguals. Participants were asked to read the low-constraint (e.g.
When we entered the dining hall we saw the piano in the corner of the room) and highconstraint (e.g. Before playing, the composer first wiped the keys of the piano at the
beginning of the concert) sentences and name the target word (e.g. piano; appeared in red)
aloud. The results showed that both proficient and intermediate participants named the
cognates faster in the low-constraint sentences, but not in the high-constraint sentences.
van Hell & de Groot (2008) observed the cross-language activation effect in the
sentence primed lexical decision task, and both forward and backward translation tasks.
Dutch-English bilinguals read English (or Dutch in the backward translation) sentences
without the target words appeared at first such as “The best cabin of the ship belongs to the ----- ”. After the prime sentence, a target word (e.g. captain) appeared and participants made
either a lexical decision on or translated the target word. The experimenter also manipulated
the constraint status of priming sentence in which the high-constraint sentence increases the
predictability of target word to readers, on the other hand, the low-constraint sentence didn’t.
The results showed that participants responded faster to cognates than to non-cognates only in
the low-constraint sentence in the lexical decision task. However, in the forward and
backward translation tasks cognate facilitation was found in both sentence conditions.
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According to the above studies, it seems plausible to suggest that bilingual lexical
access should still be non-selective even in a sentence context; however, whether a crosslanguage effect can be detected depends on the level of representation that a task taps into.
When a task does not rely on semantic/conceptual representation (e.g. naming or even lexical
decision), the sentence context can greatly reduce cross-language activation, however when a
task heavily relies on the semantic/conceptual representation (e.g. translation) cross-language
activation can still be detected.
Not every study supports the non-selectivity of bilingual lexical access in sentence
context. Using interlingual homographs Elston-Güttler et al. (2005) has shown that whether
bilingual lexical activation is selective or non-selective is modulated by both sentence context
and language mode. In that study, German-English bilinguals performed a sentence-primed
lexical decision task in English. The last word of the critical sentences was an interlingual
homograph (e.g. gift means poison in German and present in English) and this was followed
by a target (e.g. poison). To manipulate the language mode, half of the participants watched a
short film in German while the other half watched the same film in English before the lexical
decision task. Both the reaction time and ERP results showed that the non-selective lexical
activation only appeared when the preceding language mode was different from the sentence
context (i.e. a silent film in German and lexical decision task in English) but disappeared
when the preceding language mode was the same as the sentence context.
A recent eye-movement study suggested that the failure to find cross-language
activation in high-constraint sentence may be due to the less sensitivity of behavioral
measures. Libben et al. (2009) demonstrated cognate facilitation and interlingual homograph
interference effects in the high-constraint sentences. Highly-proficient French-English
bilinguals read high-constraint sentences embedded with cognates or interlingual homographs
while their eye-movements were recorded. The results showed that participants used less first
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fixation duration (FFD; the time length that the eyes first time fixate on the target word) and
gaze duration (GD; the sum of all fixation duration that the eyes fixate on the target word
until they move away) on the cognates and more FFD and GD on the interlingual homograph.
These results implied that the more sensitive measure reveals continued cross-language
activation even in high constraint sentences which suggests the earlier time-course of crosslanguage activation in reading process.
Most of the studies that investigate the non-selectivity of bilingual language processing
have focused on examining cross-language activation at the lexical level and only a small
number of studies have tested cross-language activation at the syntactic level. These studies
have focused on determining whether bilinguals’ syntax is shared or also whether bilingual’s
syntactic processing in one language can be facilitated by the syntax in another language (aka
“syntactic priming”) (Bernolet, Hartsuiker, & Pickering, 2007; Desmet & Declercq, 2006;
Hartsuiker, Pickering & Veltkamp, 2004; Kootstra, van Hell, Dijkstra 2010; Loebell & Bock,
2003; Meijer & Fox Tree, 2003; Salamoura & Williams, 2007; Schoonbaert et al., 2007).
Next, I will review such studies.

1.2.2 The Non-Selectivity of Bilingual Syntactic Processing
Cross-language syntactic priming refers to a bilingual’s syntactic processing of an
utterance in one language being facilitated by the syntax of a preceding utterance in another
language. Similar to studies of cross-language lexical activation, which have used words that
are similar across languages (i.e. cognates and interlingual homographs), studies of crosslanguage syntactic activation have also used syntactic structures that are similar across
languages (Bernolet, Hartsuiker, & Pickering, 2007; Desmet & Declercq, 2006; Kootstra, van
Hell, Dijkstra 2010; Loebell & Bock, 2003; Meijer & Fox Tree, 2003; Salamoura & Williams,
2007; Schoonbaert et al., 2007).
13

An experimental paradigm (with different variations) that later became well accepted in
the study of cross-language syntactic priming was first adopted by Loebell & Bell (2003).
There are two phases in a critical trial in this paradigm. In the first phase, a participant hears a
sentence (i.e. the prime sentence) that uses a particular syntactic structure in one language and
immediately repeats this sentence. After repeating the prime sentence, in the second phase,
the participant is presented with a pictured event and is asked to describe it in a sentence in
the other language. The pictured event is designed to be thematically unrelated to the prime
sentence and to be unlikely to invoke the same content words. However, it could be naturally
described by the syntactic structure of the prime sentence. The critical measurement is the
probability that a participant would employ the syntactic structure used in the prime sentence
to describe the pictured event. Using this paradigm Loebell & Bell (2003) measured the
syntactic priming effect of ditransitive and prepositional datives (5A and 5B) and active and
passive transitives (6A and 6B) between Dutch and English.
Datives
(5A) The boy sent his pen pal a letter.
(5B) The boy sent a letter to his pen pal.
Transtives
(6A) The janitor cleans the floors daily.
(6B) The floors were cleaned daily by the janitor.
They found cross-language syntactic effects in the ditransitive and prepositional datives
and active transitive conditions, but not in the passive transitive condition. These results
demonstrate that word order plays an impartment role in cross-language syntactic processing,
because among these four syntactic structures only the word order of passive transitive was
different between English and German (in German the sentence is literally written as ‘The
floors are daily by the janitor cleaned’).
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The importance of word order on cross-language syntactic activation was also supported
by other studies with different syntactic structures (Hartsuiker et al., 2004; Bernolet et al.,
2007). Hartsuiker et al. (2004) tested Spanish-English bilinguals’ likelihood of using the
passive transitive in an English sentence after hearing prime sentences spoken by a
confederate. The priming sentences were divided into four conditions: the active transitive,
passive transitive, intransitive (active sentences without direct objects) and actives sentences
in which the object is before the verb and the subject after the verb. The result showed that
participants were more likely to produce a passive transitive sentence after hearing the
confederate produce a passive transitive sentence. Since the word order of passive transitive is
the same between English and Spanish, this result also supports the idea that syntactic
structures are more likely to be co-activated when the word order is the same across
languages. Just like the co-activation of lexical information across Japanese and English
(Hoshino & Kroll, 2008), the cross-language syntactic priming is not limited to the languages
with similar scripts as Salamoura & Williams, (2007) also found the co-activation of verb
argument structure across Greek and English.
The cross-language syntactic priming studies introduced above primarily looked at the
syntactic structures that are lexical-based (i.e. lemma representation). The theoretical models
of lexical representation have suggested a lemma level in the lexicon, which also carries
syntactic information (Levelt, Roelofs, Meyer, 1999; Picklering & Branigan; 1998). For
example, the lemma representation of “give” does not only include representations of lexical
form, but also its argument structure which can be either VP_NP_PP (prepositional object) or
VP_NP_NP (double object). Therefore, when “give” is activated, the potential syntactic
structure embedded with “give” is also activated.
A remaining problem is whether lexical-based effects, are due to the co-activation of
syntactic information or the co-activation of lexical information. One way to separate
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syntactic priming effects from lexical priming is to examine syntactic structures that are not
lexical-based (Bernolt et al, 2007; Desmet & Declercq, 2006). Syntactic priming has also
been found in adjective modification of nouns (Bernolt et al, 2007) and relative clause
attachment as well (Desmet & Declercq, 2006). In English, a noun can be modified by an
adjective in two ways. The first way is to put the adjective before a noun (AN-structure; eg.
The red cat) and the second way is to use a relative clause such as “The cat that is red” (RCstructure). Bernolt et al. (2007) measured the AN-structure and RC-structure priming effect
between English, Dutch and German. These three languages share the same AN-structure.
However, in both Dutch and German the adjective in RC-structure is placed between a
pronoun and a verb (i.e. literally translated in English as The cat that red is) instead of, as in
English, after a verb. Bernolt et al. (2007) argued that due to this difference they only
observed the cross-language RC-structure priming effect between Dutch and German, but not
between English and Dutch.
Desmet et. al (2006) observed the priming effect of relative clause attachment in a
cross-language (i.e. Dutch and English) sentence completion task. Relative clause attachment
refers to a type of syntactic ambiguity in which a relative clause that can attach either to the
first noun phrase (NP1) or the second noun phrase (NP2) of a complex noun phrase (complex
NP). For example, the sentence “The robber shot the boss of the servant who was on the
balcony” is syntactically ambiguous, because either the NP1 (the boss) or the NP2 (the
servant) can be attached to the relative clause (who was on the balcony). In their experiment,
participants were presented with incomplete Dutch sentences (e.g. John ontmoette de bazin
van de bediendes die . . .[John met the boss of the employees who . . .]) and were asked to
complete the sentence based on the relative pronouns that referred either only to the NP1 or to
the NP2 (by using the gender marked pronouns die and dat). After the prime sentence, a target
English sentence appeared. The results showed that the number of NP1 attachment
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completions was higher after a NP1 attachment prime then following a NP2 attachment prime
indicating the syntactic processing can be primed across languages.
There are several advantages of using relative clause attachment to study cross-language
syntactic activation. First, the syntactic structure (i.e. word order) of relative clause
attachment is the same across several languages such as English, Spanish and Dutch.
Therefore, it is more likely to be co-activated and observed. Second, the relative clause is a
syntactic structure not related to the lemma representation. Therefore, the observed priming
effect can be attributed solely to syntactic co-activation. Third, studies have shown language
specific preference of relative clause attachment. While most English monolinguals show
NP2 attachment preferences (Frazier & Rayner, 1982; Frazier & Rayner, 1987), most Spanish
monolinguals show NP1 attachment preference (Cuetos & Metchell, 1988; Carreiras etal.,
1999; Dussias, 2003; Dussias & Sagarra, 2007). Therefore, the investigation of bilinguals’
relative clause attachment could shed light on the dynamic interaction between bilinguals’
two languages.
For the present study, I investigated the interaction of cross-language lexical and
syntactic activation. More specifically, I examined whether cross-language activation at the
lexical level during sentence processing further influences the syntactic processing in sentence
comprehension. So far, to the best of my understanding, no bilingual study has directly tested
this issue. However, combining this idea with the interactive view of lexical and syntactic
information, I can further suggest that cross-language activation at the lexical level does affect
bilinguals’ syntactic processing during reading. The next section of literature will review the
research on relative attachment preference. After that, I discuss how cross-language activation
may be involved in bilinguals’ relative clause (RC) attachment.
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1.2.3 Syntactic Ambiguity-Relative Clause Attachment
As mentioned earlier, the syntactic ambiguity of relative clause attachment refers to a
relative clause that can attach either to the NP1 or the NP2. There are different theories to
explain what factors influence a reader’s preference to attach the RC to either the NP1 or
NP2. According to garden-path models limitations on working memory lead readers to apply
the “late closure principle” and therefore select the most recent NP to attach (Frazier &
Rayner, 1982; Frazier & Rayner, 1987). This principle is well-supported by English
monolingual data (Frazier et al., 1996, Carreiras & Clifton, 1999; Fernández, 2003).
However, when similar ambiguous sentences have been presented to speakers of other
languages, such as Spanish, the preference was to attach to the more distant NP1. (Cuetos &
Metchell, 1988; Carreiras etal., 1999; Dussias, 2003; Dussias & Sagarra, 2007). This
interesting cross-language difference has attracted researchers’ attention; they proposed
different theories to interpret why the same syntactic structure sentences could have different
attachment preferences in two languages. In this study, I will discuss two particular theories
that attracted considerable attention in the literature - construal theory and language turning
theory.

Construal Theory
Before discussing this theory, several terms are introduced in Table 1.1 (Carnie, 2007).
Definitions of these terms vary across theories, and those introduced below were defined for
their relevance for this study.
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Table 1.1: The definition of terms in construal theory.
Term
Argument

Definition
Arguments are the entities that participate in a relationship in the
sentence. For example, in the sentence John ate an apple, John and
an apple are both arguments, because they are the participants of the
action (i.e. ate) in the sentence.

Thematic relation

The thematic relation describes the semantic role that the arguments
play with respect to the predicate. For example, in the sentence John
takes three classes this semester, John is the agent, because it is the
doer of an action (i.e. takes) and classes is the theme, because it
perceives the action.

Theta role

Theta role represents the argument structure that a particular predicate
requires. For example, the predicate takes is theta assigner, because it
can assign the two theta roles in the argument structure; one is agent,
John, and the other is the theme, classes.

Genitive case

Genitive case is a linguistic case that marks one noun a possessor of
the other noun.

Parser

Parser is a reader’s ideally syntax device to break a sentence into
different segments according to the syntactic structure of the language.

Thconstrual theory (Frazier et al., 1996; 1997) assumes that relative clause attachment
preferences are formed based on a combination of language-general principles and language
specific rules. In the sentence”The robber shoots the boss of the servant who was in the
balcony”, “of” is a non theta-assigning preposition (no theta role for servant), so” boss” is
the actual last theta assigner. In this case, the relative clause can attach (or associate in their
articles) the whole complex NP as the current thematic processing domain. Therefore, two
attachments sites (or host sites), the larger noun phrase headed by NP1, boss, and the small
noun phrase headed by NP2, servant, are available for the RC. In this case, according to the
Relativized Relevance principle (Frazier, 1990) which proposed that readers should construct
the phrase to mostly relate to the main assertion of the sentence, the relative clause should
attach the NP1 in all languages.
Construal theory also proposes that some language specific rules influence people’s
attachment strategy to explain why English monolinguals have the NP2 attachment
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preference. For example, the inflected genitive form in English (e.g. the student’s book) can
convey more unambiguous information then the periphrastic genitive form (e.g. the book of
the student). Therefore, English monolinguals will choose the inflected genitive form if they
intend to associate the RC to the NP1. Language specific rules imply that bilinguals’ syntactic
systems are distinctive, and therefore, bilinguals should adopt each language’s specific rules
when they encounter that language (Fernandez, 1998). However, according to another theory the language tuning theory - bilinguals should show a more integrated parsing strategy for
both languages.

Language-Tuning Theory
Language-tuning proposes that the sentence parser is experience-based, and that initial
parsing choices are made on the basis of the experience that a reader has encountered the
same kind of ambiguity (Mitchell, Cuetos & Zagar 1990; Brysbaer & Mitchell, 1996; Cuetos
et al., 1996; Dussias, 2003; Dussias & Sagarra, 2007; Fernandez, 1998; Fernandez, 2003). In
other words, every time a syntactically ambiguous sentence is successfully disambiguated the
reader’s comprehension system records it and adjusts attachment preferences accordingly.
Since this theory allows for a dynamic change in attachment preference across languages, I
suggest that evidence demonstrating that bilinguals’ syntactic information is shared and able
to transfer between languages would also align with this theory (Bernolet, Hartsuiker, &
Pickering, 2007; Desmet, 2006; Kootstra, van Hell, Dijkstra 2010; Loebell & Bock, 2003;
Meijer & Fox Tree, 2003; Salamoura & Williams, 2007; Schoonbaert et al., 2007).
In addition to the syntactic priming studies, syntactic transfer has also been found
through the on-line measurement of eye-movements. Dussias & Sagarra (2007) tested
whether Spanish-English bilinguals can shift their preference according to their living
environment. They presented temporal ambiguous Spanish sentences to Spanish
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monolinguals, Spanish-English bilinguals with limited exposure to English and SpanishEnglish bilinguals with extensive exposure to English. Their results showed that both Spanish
monolinguals and Spanish-English bilinguals with limited exposure to English showed NP1
preference which is the typical attachment preference in Spanish. However, the SpanishEnglish bilinguals with extensive exposure to English showed NP2 preference.
Based on the research reviewed so far, it is possible to hypothesize that the construal
theory and the language tuning theory may address different aspects of RC attachment
ambiguity. The former provides a reason for where the cross-language difference in RC
attachment preferences comes about; however, it does not tell how bilinguals cope with the
interaction between two linguistic syntaxes. On the other hand, although the language-tuning
theory does not provide origins of the RC attachment differences between English and
Spanish, it indicates that the bilinguals’ parsing strategy is dynamic and integrated by the
syntaxes from both languages. Therefore, a dynamic view of syntactic parsing best captures
the nature of syntactic processing for bilinguals who communicate in both languages regularly
throughout their daily life. It is possible that because of their unique language use experience,
they may show an atypical pattern of RC attachment compared to English monolinguals.
Furthermore, given the evidence from studies showing that lexical information does interact
with syntactic processing and the abundant evidence demonstrating language non-selectivity,
any theory of bilingual relative clause attachment must consider the role of cross-language
lexical activation. Next I will describe the specific mechanism (i.e. working memory) by
which I propose cross-language activation of lexical information interacts with bilingual
relative clause attachment.
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1.3 THE ROLE OF WORKING MEMORY IN MEDIATING INTERACTIONS BETWEEN LEXICAL
AND SYNTACTIC PROCESSING FOR BILINGUALS

In the present study I assume that cross-language activation at the lexical level interacts
with bilinguals’ relative clause preferences. However, how does this influence work? Is there
any syntactic or cognitive mechanism mediating this interaction? Many studies have
demonstrated that working memory plays a central role in individuals’ reading
comprehension (Carpenter & Just, 1989; Daneman & Merikle, 1996; Just & Carpenter, 1992).
It has been proposed that successful reading involves the ability to integrate the newly
encountered information with the previous processed information, and the mental resource to
compute and store information is limited. Therefore, a reader’s working memory capacity
(WMC) will affect the maximum amount of activation available to process and store lexical
and syntactical information.
At the lexical level, several studies have suggested that readers’ WMC influence
lexical access (Gunter, Wagner & Friederici, 2003; Miyake, Just, & Carpenter, 1994;). In a
sentence reading task, participants read sentences containing a homonym (e.g., boxer), which
was preceded by a neutral context and then disambiguated to the subordinate meaning later in
the sentence (e.g., “Since Ken really liked the boxer, he took a bus to the nearest pet store to
buy the animal”) (Miyake, et al., 1994). They found that a reader’s ability to maintain
multiple interpretations of the homonym during sentence comprehension was related to
WMC. The participants with low WMC spent more time on reading the words after the
disambiguation word (i.e. store to buy the animal) implying that it took these readers more
effort to evoke the subordinate meaning or to sustain this meaning in memory. Similarly, a
brain wave study also demonstrated that readers with high versus low working memory span
showed different ERPs when disambiguating homonyms (Gunter et al., 2003). German
readers were presented with sentences including a homonym (e.g. “Ton”; either tone
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(dominant) or clay (subordinate) in German) followed by a neutral subclause (e.g. “when the
sun shined”). After the subclause, a disambiguating phrase that either biased to the dominant
or subordinate meaning was presented (e.g. “singer sung” or “potter baked”). Readers with
low working memory span showed similar N400 peaks for both disambiguating verbs. In
contrast, readers with high span showed a much larger N400 peak when the verb biased to the
subordinate meaning.
At the syntactic level, WMC is also involved in relative clause attachment (Felser,
Marnis & Clahsen, 2003; Traxler, 2007; Swets, Desmet, Hambrick & Ferreira, 2007). The
relation of RC attachment preference and WMC in monolingual English children was
measured by a self-paced listening task and the listening span task (Felser, 2003). The result
showed that children with high WMC showed a preference for N1 attachment, whereas
children with low WMC were more likely to interpret the relative clause as modifying the N2.
For adults, English monolinguals’ reading patterns on sentences with temporary RC
attachment ambiguity were also measured (Traxler, 2007). Their eye movement results
showed that when sentences forced an N2 attachment, the total reading time on the postdisambiguation region increased as a function of participants’ WMC. This implies that the
readers with greater WMC preferred N1 attachment.
However, using an off-line sentence judgment task, Swets et al. (2007) observed the
opposite pattern. When readers were presented with syntactically-ambiguous sentences (e.g.
“The maid of the princess who scratched herself in public was terribly embarrassed”) their
responses to follow-up questions (e.g. who scratched herself in public?) indicated that those
with high WMC preferred N2 attachment, and the participants with low working memory
preferred N1 attachment. The reason for these inconsistent findings between Swet et. al
(2007) and the previous two studies (Felser et al., 2003 & Traxler, 2007) is not clear. One
possible reason may be the methodology difference because the previous two studies both
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used on-line tasks and the later one used an off-line task. An on-line time, controlled task may
require more WMC. Since the N1 is necessarily more distant from the relative clause, high
span readers are more likely to maintain this NP in working memory simultaneously with the
more proximal N2. Thus, in such tasks, readers with greater WMC are more likely to show a
preference to attach to the N1.
To the best of my knowledge there is only one study that demonstrated the lexical and
syntactic interaction through the modulation of working memory in a second language
reading task (Hashimoto, 2010). In his study, English learners were presented with sentences
that contain either high frequency (7A and 7B) or low frequency (8A and 8B) content words.
Moreover, in each frequency condition, half were subject relative clauses sentences (7A and
8A) and the other half were objective relative clauses sentences (6B and 7B). Participants’
reading time on the critical region (e.g. helped the girl passed the) was measured. Results
showed that when content words were highly frequent, English learners showed longer
reading time on the critical region of objective relative clause sentences only. However, their
reading time on subject and objective clauses were the same when the content words were
low frequent (8A and 8B). This result was attributed to the high frequency of the critical
words. When the word was of high frequency, more working memory resources were
available to be used for syntactic processing. Thus, the difficulty of processing object relative
clause sentences was easier to observe. However, when words were of low frequency, the
majority of working memory resources was used for lexical recognition, so the residual
resource was too little to show the difference of processing demand between the two types of
relative clauses.
(7A) The boy who / helped the girl passed the / test easily.
(7B) The boy who/ the girl helped passed the / test easily.
(8A)The defendant who / insulted the journalist confessed the / sin at last.
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(8B) The defendant who / the journalist insulted confessed the / sin at last.
In the present study, I hypothesized that increased WMC allows for more flexible
processing during syntactic parsing. More specifically, the increased capacity allows the
reader to maintain multiple attachment sites (N1 or N2) simultaneously.

1.4 THE PRESENT STUDY
Previous research has showed that cross-language activation affects readers’ sentence
comprehension. In this study, I wanted to go to the next step to test whether cross-language
activation at the lexical level also influences bilingual processing at the syntactic level. More
specifically, it was hypothesized that cross-language activation influences syntactic
processing through the enhancement or constraint of the working memory demands of
comprehension. When a sentence contains lexical items for which there is high lexical
transparency and a one-to-one mapping in semantics (e.g. cognates), cross-language
activation of the shared representation can decrease the working memory demands of
comprehending the sentence and making syntactic parsing decisions. However, when the
word meaning is not one-to-one (e.g. interlingual homograph), the cross-language activation
is likely to make comprehension and parsing decisions more difficult. As stated earlier, I
propose that when there is more WMC available, parsing strategies become more flexible as
the reader is able to actively maintain different attachment options in working memory. A
recent study conducted in our laboratory also supported this assumption (Yeh & Schwartz, in
preparation). In this study, I manipulated the word distance between the complex noun phrase
(e.g. the actor of the movie) and the disambiguating word (i.e. star) to differentiate the mental
resource required to disambiguate the sentence with temporary relative clause attachment
ambiguity (9A vs. 9B and 10A vs. 10B). Moreover, half of the critical sentences were
embedded with Spanish-English cognates N1 and half with non-cognates N1 (e.g. actor in 9A
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and 9B). The results showed that when a sentence’s required mental resource was low (9A
and 10A), Spanish-English bilinguals were able to disambiguate the sentence faster if a
cognate N1 was embedded in the complex noun phrase.
(9A) The actor of the movie that is a very popular star in Brazil won an Oscar this year.
(9B) The actor of the movie that won an Oscar this year is a very popular star in Brazil.
(10A) The writer of the grant that had many publications in the journals is worth a lot
of money.
(10B) The writer of the grant that is worth a lot of money had many publications in the
journals.
The present study consists of two experiments designed to test the hypothesis that crosslanguage lexical activation influences bilinguals’ resolution of RC attachment ambiguity. In
Experiment 1, I manipulated the position of the cognate in a complex noun phrase to observe
whether presenting a cognate as the N1 or N2 would modify bilinguals’ preference of RC
attachment. I predicted that the cross-language activation of the attached noun in the complex
noun phrase can facilitate bilinguals’ syntactic processing of the relative clause attachment.
Furthermore, in Experiment 2, I examined the role of relative degree of semantic overlap of
the critical noun phrase. More specifically, I included three types of nouns that differ in their
semantic overlap across languages, ranging from complete overlap (cognates), partial overlap
(partial cognates) to no overlap (interlingual homographs). In this present study, partial
cognates are defined as homonyms in English such as sentence and letter (Twilley, Dixon,
Tylor & Clark, 1994) and they only shared the subordinate meaning with Spanish (e.g. the jail
meaning of sentence). I predicted that if the attached noun’s semantic overlap across
languages is the main reason to facilitate the syntactic process on relative clause attachment,
then a shorter processing time should be observed when the attached noun is a cognate N1.
However, if the orthographical similarity is the main reason, then similar facilitation should
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be observed when the attached noun is a cognate N1, interlingual homograph N1 and partial
cognate N1. The bilingual reading span was also measured in both experiments to observe
whether bilingual’s working memory capacity modulated the interaction between lexical and
syntactic processes. I predicted that if cross-language activation can free up working memory
resources for the syntactic processing of relative clause attachment, I should be able to
observe that the relationship of participants’ working memory capacity and syntactic
processing would be altered when the attached noun carried cross-language properties (i.e.
shared semantics or orthography).
In the present study, eye-tracking methodology was used to measure participants’
reading behaviors. The main reason is that in comparison to other available techniques such
as word-by-word self-paced reading and rapid serial visual presentation (RSVP) of sentences,
eye-movement data can provide a more natural moment-to-moment process when reading
(Rayner & Pollatsek, 2006). I will introduce the basic characteristics of eye-movement and
the type of measures that are commonly used in reading studies in the following paragraphs to
facilitate the understanding of eye-tracking methodology.
Generally, individuals show two types of eye-movements for most visual tasks
(including reading). The first one is called saccade, which is a series of rapid movements. The
second one is called fixation, which is the period of time that the eyes are still. Only during
fixations the visual information is encoded, because vision is functionally suppressed during
the saccades. During reading, fixations typically last for 200-250 ms, although a fixation can
range from 50ms to 500 ms (Rayner & Pollatsek, 2006). About 15% of the words have two or
more fixations before readers’ eyes move on to the next word, it has been suggested that the
additional fixations are related with the incomplete lexical process (Pollatsek & Rayner,
1990). Although most saccades are made from left to right during English reading, about 1015% of the saccades are regressions. This indicates that readers move their eyes from right to
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left and that regressions usually occur when readers do not understand the fixated word
(Rayner, 1998).
Three common measures that have been used in previous reading studies are also
included in this study. They are first fixation duration (FFD), gaze duration (GD, also called
first-pass reading time if more than one word is in one region), and total reading time (TRT)
(TRT). FFD is the duration of the first made fixation on a given word. GD is the duration of
all the fixations made on a given word before the reader’s eyes move on to the next word.
TRT is the duration of all the fixations made on a given word, including regressions. Previous
studies have shown the level of the cognitive process these measures usually tap into. For
example, FFD has been found to be affected by shallow level of processing such as word
frequency, while GD was affected by both, word frequency and the predictability of a word in
the sentence (Inhoff, 1984). Similarly, it has been found that readers showed less second
fixation on the same fixated word if it was predictable in the sentence context (Balota,
Pollatsek & Rayner, 1985). These results indicate that GD can tap into semantic processing.
Contrary to the lexical processing, there is a disagreement in terms of whether GD ( firstpass reading time) or TRT is a more appropriate measure to detect higher-order level
processing such as syntactic ambiguity and discourse level of processing. While several
studies have showed significant GD (first-pass reading time) effect that reflects syntactic
processing or the interaction of lexical and syntactic process (Frenck-Mestre & Pynte, 2000;
Wilson & Garnsey, 2009), several other studies have failed to find effects in first-passing
reading when monolinguals read complex noun phrases followed by relative clauses
(Carreiras & Clifton, 1999; Pynte & Colonna, 2000). Moreover, Dussias & Sagarra (2007)
only found the significant attachment preference effect in TRT. For the present study, all data
from three measures were analyzed; specifically, GD and TRT data were used to interpret the
interaction of lexical and syntactic processing.
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Chapter 2: Experiment 1

2.1 METHODS
2.1.1 Participants
Participants were 92 Spanish-English bilinguals from the University of Texas at El Paso.
At first, 117 participants are recruited through the Experiment website and also from English
for Speaker of Other Language (ESOL) program. 55 participants received 10 dollars for their
participation and the rest of them were compensated with class credits. Each participant was
asked to fill out an on-line self-reported Language Experience and Proficiency questionnaire
(LEAP-Q) (Marian, Blumenfeld, & Kaushanaskaya, 2007) to measure their English and
Spanish proficiency. To ensure that participants can fluently read and comprehend English
and Spanish sentences, participants whose scores of English or Spanish ability are below
seven (on a scale of zero to ten) were excluded from the analysis. The criteria excluded 25
participants and 92 participants were kept for data analyses. Please see Table 2.1 for
participants’ language proficiency in Spanish and English. Also, according to the question
regarding to the reading habit in LEAP-Q, when there was a text available in both English and
Spanish (the original text was in another language) participants were 51% likely to read this
text in Spanish and 49% in English.
Table 2.1: Participants’ language proficiency in experiment 1(N = 92).
Spanish (L1)
Age of Acquisition (years)

English (L2)

2.0

8.8

Reading

8.7

8.7

Writing

8.2

8.5

Speaking

8.8

7.8

Listening

9.1

8.3

Meaning Rating
*on a scale of 0- 10

8.7

8.3

Self-Reported Rating*
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2.1.2 Materials
Sentence Reading Task
Initial norming procedure
Stimulus words. The word frequencies of critical nouns in the complex noun phrase (N1
cognate, N1 noncognate, N2 non-cognate) were matched using CELEX database (Davis,
2005). The frequency value represents how many times a word appeared per million words.
The frequency of the disambiguating word was also matched between sentences with Cognate
N1 (37), Cognate N2 (38) and Non-cognate (40). (see Table 2.2 for details).

Table 2.2: Critical word frequency in experiment 1.
Critical Word
Frequency*

Disambiguating region
N1

N2

N1 attachment

N2 attachment

Cognate N1

73

52

35

39

Cognate N2

52

46

37

41

Non-cognate
*per million

54

38

48
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In order to ensure the Cognate status of critical words, the graphical similarity between
N1, N2 and disambiguating words and their Spanish translation equivalents are calculated
using an on-line spelling similarity calculation program ( Hartsuiker, R. J., n.d.). When an
English word is graphically very different from its Spanish translation, the graphic similarity
score is close to 0. On the other hand, when an English word is identical to its Spanish
translation the graphic similarity score is 1. See table 2.3 for the graphical similarity of N1,
N2 and disambiguating region in different sentence conditions.
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Table 2.3: Critical word graphical similarity in experiment 1.
Sentence Condition

N1

N2

Disambiguating Region

Cognate N1

0.8

0.1

0.3

Cognate N2

0.2

0.8

0.2

Non-cognate

0.1

0.1

0.3

Stimulus sentences. The experimental materials consisted of 120 sentences: 60 critical
and 60 filler sentences. The 60 critical sentences included 10 sentences for each sentence
condition (see Table 2.4 for details).

Table 2.4: Illustration of critical sentences for experiment 1.
Cognate Condition

Attachment

Example sentences

N1

N1

The priest loved the most loyal family of the church,
which had three cute kids attending a private school.

N1

N2

The priest loved the most loyal family of the church,
which had three new bells hanging in the smallest tower.

N2

N1

The careless security guard shot the daughter of the
actor, who just started kindergarten for two months.

N2

N2

The careless security guard shot the daughter of the
actor, who just grew a mustache for a new film.

None

N1

The crazy man kicked the dog of the neighbor that was in
the front yard barking at a stranger on the street.

None

N2

The crazy man kicked the dog of the neighbor that was in
the front yard chatting with a stranger on the street.

Sentence structure. Each critical sentence contains a complex noun phrase followed by a
relative clause. One third of the complex noun phrases contain a cognate at the first noun
position (N1), one third of the complex noun phrases contain a cognate at the second noun
position (N2) and one third of the complex noun phrases contain Non-cognates. The relative
clauses of these critical sentences are attached either to the N1 or N2. More specifically, each
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clause contains a single word that semantically relates to one of the nouns (N1 or N2); this is
termed as the disambiguating region.
Sentence length. The mean sentence length (number of words) was matched across
sentences with cognate N1, cognate N2 and Non-cognate. The numbers of words from
pronoun to disambiguating word were also matched between three types of sentences. In the
Cognate N1 condition, the mean number of words was 5.7 for sentence with N1 attachment,
5.4 with N2 attachment. In the Cognate N2 condition, the numbers of words was 5.3 for
sentences with N1 attachment and 5.4 with N2 attachment. In Non-Cognate condition, the
mean number of words was 5.8 for both attachment conditions (see Table 2.5).

Table 2.5: Sentence length in different sentence conditions in experiment 1.
Whole sentence

Pronoun to disambiguating region

Sentence length
(word)

N1 attachment

N2 attachment

N1 attachment

N2 attachment

Cognate N1

17.9

18

5.7

5.4

Cognate N2

17.8

18.3

5.3

5.4

Non-cognate

19.5

19.4

5.8

5.8

Attachment norming. Since the relative clause attachment of N1 and N2 is semantically
based; a pilot test was used to measure that how people in the same population also agree with
the attachment of the critical sentences. 56 UTEP students (they did not participate in the
actual experiment) including English-Spanish bilinguals and English monolinguals
participated in this pilot. For each sentence, participants needed to answer questions: first,
how strongly do you agree that the pronoun refers to the N1 or N2 and second, what words in
the sentence most bias your interpretation. For the first question, the result showed that
participants rated 6.1 (on a scale from 1 to 7; high score indicated that participants’
attachment choice matched the experiment manipulation) for the sentences with relative
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clauses attached N1, and participants rated 6.2 for the sentence with relative clauses attached
N2. For the second question, I calculated the percentage of how many participants’ answers
contained the disambiguating regions. The result showed that in the N1 attachment sentences,
74.7 % of participants’ answers included disambiguating words and in the N2 attachment
sentences, 71.6% of participants’ answers included disambiguating words.
Apparatus. An eye-tracking system (SR Research Ltd. Eyelink2) was used to monitor
participants’ eye-movements as they read the sentences. This is a head-mounted video-based
tracker consisting of three cameras mounted on a leather-padded headband. The spatial
resolution is 0.01° in pupil-only mode and the sampling rate is 500 Hz. Within this system,
one computer connects to the headband and cameras and collects the actual data. The other
computer displays the stimulus. The sentences were presented on a 17-inch Dell PC monitor.
The camera set up includes three steps which are the camera adjustment, calibration, and
validation. Camera adjustment ensures that participants’ pupils could be captured by the
cameras even when they look at the corners of the screen. In order to know precisely what
subjects are looking at, a 9-point calibration and validation procedure was conducted to record
the value that corresponded to each gaze position. For obtaining valid and repeatable eye
movement data, every participant had to receive the camera set up before reading sentences
task.
Eye-movement measures. Three different aspects of the eye-movement record were
analyzed; first fixation duration (FFD), gaze duration (GD) and total reading time (TRT).
FFD refers to the first fixation in a region. GD refers to the sum of all fixations which begins
from the first fixation in one region until readers’ gaze left that region, left or right. Both FFD
and GD generally reflect the initial lexical access. TRT refers to the sum of all the fixations
after in one region regardless of the order. The TRT is more related to the post-lexical
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analysis, for example, participants may spend more time on a certain region if the information
in this region is not consistent with readers’ expectation from preceding words.

Reading Span Task
Participants’ working memory capacities were measured by a reading span task
(Daneman & Carpenter, 1980; Hannon & Daneman, 2001). This task consists of eighty
unrelated sentences and they are randomly divided into 5 groups. In each group, sentences
were arranged into five sets of 2, 3, 4, 5 and 6 sentences. In each set, the sentences were
presented one at a time on the computer screen and participants read the sentences aloud,
made a sensibility judgment to each sentence and then recalled the last word of each sentence
at the end of the set. The sensibility judgment task meant the participants need to make a
decision of whether the preceding sentence makes sense. For example, in the sentence “The
milk poured the little girl”, the participant has to responds “No” to the sensibility judgment.
The working memory capacity score is the percentage of sentence-final words out of 80 that
the participants can recall. The reading span task was measured both in English and Spanish.

2.1.3 Procedure
The experimenter explained the experimental procedure in English. After informed
consent procedures participants entered an individual testing room and set in front of a
computer. Later, the experimenters put the eye-tracking headband on participants’ heads and
then started the camera set up procedure. Participants would then read practice trials to get
accustomed to the experimental procedure. In each trial, participants saw a fixation point at
the place where the sentence would appear, cueing him/her to press the spacebar to read the
following sentence. Participants read the sentence at their own pace and pressed the spacebar
again when they were done reading. The critical and filler sentences would be presented in a
randomized order. Finally, half of the sentences would have comprehension questions to
make sure that participants paid attention to the meaning of the sentences. Participants would
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answer the question by pressing the correct key and then pressed the spacebar again to see the
next trial. This same exact procedure continued for the experimental trials. After the sentence
reading experiment, participants would be led to another computer room and participate in the
working memory reading span task. At the end, participants would complete the LEAP-Q.
The entire experimental procedure was completed in approximately 90 minutes.

2.1.4 Data Analyses and Trimming
Sentence Reading Task
As described earlier, three aspects of the eye-movement record (FFD, GD, TRT) were
analyzed. These analyses focused on three critical regions. 1) The N1 (e.g., the first noun
within the complex noun phrase “the professor of the student”); 2) N2 (e.g. the second noun
within the complex noun phrase” the professor of the student”); 3) The disambiguating
region, which is the word in the relative clause that can carry the richest meaning to
disambiguate the attachment (e.g. who got tenure this semester).
Data trimming procedures
13 % of the data from critical regions including the N1, N2 and disambiguating region
could not be extracted due to participants’ gaze skipping these regions entirely. Fixations on
N1, N2 and the disambiguating region that were shorter than 50 ms were excluded from
analyses.
Disambiguating region
The main analyses of sentence reading task focused on the disambiguating region,
because the reading time on this region can reveal the information about whether participants
required different amounts of time for disambiguation according to the Cognate condition of
the complex noun phrase. For this purpose, I computed three 3 x 2 repeated ANOVAs for
each of the three eye-movement measures. The between-subject independent variable was the
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RC Attachment (N1 attachment or N2 attachment) and the within-subject variable was
Cognate condition of the complex noun phrase.

N1 & N2
The analyses of FFD and GD could reveal the information about participants’ initial lexical
access on N1 and N2. Since FFD and GD happened before participants even reached the
disambiguating region (i.e. not be able to correctly choose an attachment site yet),
participants’ FFD and GD data would not be analyzed separately by attachment condition. I
ran separated repeated measures ANOVAS, one for FFD and one for GD. The only withinsubject variable was Cognate condition of complex noun phrase (Cognate N1, Cognate N2 or
Non-cognate). Unlike, FFD and GD, the analyses of TRT would tell us about whether reader
distributed their time on N1 or N2 differently according to the word in disambiguating region.
For this purpose, I computed two 2 x 2 repeated ANOVAs for TRT separately, one on N1 and
one on N2. The between-subject variable was the RC Attachment (N1 vs. N2) and the withinsubject variable was Cognate condition of complex noun phrase (Cognate N1, Cognate N2 or
Non-cognate).

Reading Span Task
The purpose of measuring participants’ working memory capacity was to test whether
cross-language lexical activation interacted with RC attachment through the modulation of
working memory capacity. For this purpose, I treated the participants’ reading span scores as
a covariate and computed two 2 (Attachment site: N1 and N2) x 3 (cognate N1, cognate N2 or
Non-cognate) x reading span repeated ANCOVAs, one using reading span in English and the
other in Spanish. The dependent variable was the TRT on disambiguating region.
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2.2 RESULTS
2.2.1 Comprehension Question: Manipulation Check
50% of the sentences, including critical and filler sentences were followed-up by
comprehension questions. The average accuracy for the follow-up comprehension questions
for critical sentences was 74% (50%-93%; SD=11%). The high accuracy rate confirms that
participants comprehended the sentences and were able to attach the disambiguating region to
the correct noun.

2.2.2 Sentence Reading Task
In the following section I report results from the critical analyses that are most
relevant to the central question of how cross-language activation at the lexical level influences
syntactic processing for bilinguals. Analyses focused on two specific areas of the critical
sentences: (1) the complex noun phrase (N1 and N2), (2) the word that disambiguates to
which noun the relative clause should attach (aka “disambiguating region”).
To ease interpretation, results are divided into three parts: (1) initial processing of the
complex noun phrase (FFD, GD for both N1 and N2), (2) processing of the disambiguating
region (FFD, GD and TRT), and (3) processing of the complex noun phrase after
encountering the disambiguating region (TRT for both N1 and N2). For the first set of
analyses any effects of the cognate status of the complex noun phrase prior to the relative
clause would reflect effects of cross-language activation on lexical access of the individual
nouns in the complex noun phrase. The second set of analyses on the disambiguating region
will reveal which attachment site is preferred by the readers (shorter processing time in a
particular attachment site condition is interpreted as a “preference”) and whether this
preference is at all affected by the cognate condition of the previously-read complex noun
phrase. For the third set of analyses, any effects of the cognate status observed in later
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measures (TRT) of the complex noun phrase (N1, N2) would reflect interactions between
lexical cross-language activation and syntactic processing in stages of post-lexical integration.

Part 1: Complex Noun Phrase, Early Measures
The mean value and standard error of FFD, GD on N1 and N2 are summarized in Table
2.6.
FFD and GD for N1
No main effect of Cognate condition of the complex noun phrases were significant.
Thus, processing of the first noun in the complex noun phrase was not affected by cognate
status of N1 in the complex noun phrase.
FFD and GD for N2
For FFD, the effect of Cognate condition of the complex noun phrase was significant
[F(2,182) = 15.4, p <.01, MSE = 16552.7, η2p = .15]. The pairwise comparison showed that
mean FFD on N2 was significantly longer when this noun was a cognate (243 ms) than when
the N1 was a cognate (217 ms) or when neither were cognates (224 ms) [Cognate N2 vs.
Cognate N1: t(91) = 5.0, p <. 01; Cognate N2 vs. Non-cognate N2: t(91) = 3.8, p <.01]. It is
not clear why the FFD for the Cognate N2 was longer than the other conditions. However for
the mean GD, the main effect of Cognate condition of complex noun phrase was not
significant, suggesting participants still spent similar amount of time on the N2 across
conditions before they moved on to the relative clauses.
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Table 2.6: Mean values (and standard errors) for first fixation duration (FFD) and gaze
duration (GD) for N1 and N2 in experiment 1.
Cognate condition

FFD

GD

N1

N2

N1

N2

Cognate N1

210
(4.0)

217
(4.1)

277
(8.6)

312
(11.3)

Cognate N2

213
(3.7)

243
(4.8)

272
(8.8)

300
(7.7)

Non-cognate

221
(4.0)

224
(4.0)

275
(8.7)

296
(8.7)

Part 2: Disambiguating Region
The mean value and standard error of FFD, GD, TRT and RPD for the disambiguating
region are summarized in Table 2.7. As stated earlier, the main purpose of analyzing the
reading time on the disambiguating region was to assess whether participants’ had a
preference of a particular attachment site for the RC and whether this preference would
interact with the Cognate Condition of the complex noun phrase.

Table 2.7: Mean values (and standard errors) for first fixation duration (FFD), gaze duration
(GD), and total gaze duration (TG) for Disambiguating Words in experiment 1.
RC Attachment Cognate
condition

FFD

GD

TG

N1

Cognate N1

230
(6.0)

320
(14.8)

407
(25.9)

Cognate N2

217
(6.3)

357
(15.8)

478
(22.5)

Non-cognate

222
(5.7)

356
(14.2)

452
(21.4)

Cognate N1

217
(5.9)

348
(14.5)

493
(25.3)

Cognate N2

212
(6.2)

252
(15.5)

329
(22.0)

Non-cognate

211
(5.6)

264
(13.9)

365
(20.9)

N2
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First fixation duration
There were no significant main effects and interactions.
Gaze duration
The main effect of RC Attachment condition [F(1,90) = 9.4, MSE = 220871; p <.01;
η2p = .1] was significant, indicating shorter GD on the disambiguating word r for sentences
requiring N2 attachment (N1 attachment: 344 ms; N2 attachment: 288 ms). This suggests that
participants had an N2 attachment preference which corresponds with the typical preference
observed for English readers. The Cognate condition of complex noun phrase was also
significant [F(2,180)= 6.5, MSE = 22516, p <.05, η2p = .07]. Moreover, the two main effects
were qualified by a significant interaction with the Cognate condition of the complex noun
phrase [F(2,180) = 36.4, MSE = 125391, p < .01, η2p = .29]. The simple main effect of
Cognate condition was significant in the N1 attachment condition [F(2,88) = 5.2, MSE =
20542.8, p < .01, η2p = .29]. The planned comparison showed that, when the RC forced
attachment to the N1, the GD on the disambiguating word was shorter if the N1 was also a
cognate (Cognate N1: 320 ms; Cognate N2: 357 ms; None Cognate: 356 ms). [Cognate N2
vs. Cognate N1: t(46) = 2.7, p <.01; Non-cognate vs. Cognate N1: t(46) = 2.8, p < .01]. This
result suggests that when the RC requires attachment to the non-preferred N1, attachment to
that nouns is facilitated if it is a cognate.
The simple main effect of Cognate condition was also significant in the N2 attachment
condition [F(2, 92) = 43.4, MSE = 129738, p < .01, η2p = .49]. The planned comparison
showed that when the RC required attachment to the preferred N2, the GD on the
disambiguating word was longer if the N1 was a cognate (Cognate N1: 348 ms; Cognate N2:
252 ms; Non-cognate: 264 ms) [Cognate N1 vs. Cognate N2: t(46) = 7.8, p < .01; Cognate N1
vs. Non-cognate: t(46) = 7.0, p < .01]. This result suggests that when RC forced attachment to
the N2, presenting a Cognate N1 causes interference on the disambiguating process. This
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interference is perhaps due to the competition for selection between cognate N1 and correct
attached N2. Generally, the above findings demonstrated that the syntactic process of RC
attachment is significantly increased when the correct attached noun is a cognate. See Figure
2.1 for gaze duration on disambiguating region in N1 and N2 attachment condition.

N1attachment

Gaze duration (ms)

550

N2 attachment

450
350
250
150
N1

N2

Non-cognate

Cognate condition

Figure 2.1: Gaze duration on disambiguating region in N1 and N2 attachment condition.

Total reading time
The main effect of Cognate condition reached significance [F(2,180) = 6.3, MSE =
58934, p < .01, η2p = .07]. The main effect of RC Attachment was not significant. More
importantly, Cognate condition of the complex noun phrase and RC Attachment interacted [F
(2,180) = 36.4, MSE = 339910, p <.01, η2p = .07]. The simple main effect of Cognate
condition was significant in the N1 attachment condition [F(2,88) = 6.3, MSE = 58657, p <
.01, η2p = .17]. The planned comparison showed that when RC required attachment to the N1,
the TRT on the disambiguating region was shorter if the N1 was also a cognate (Cognate N1:
407 ms; Cognate N2: 478 ms; None Cognate: 452 ms) [Cognate N1 vs. Cognate N1: t(44) =
3.4, p < .01; Non-cognate vs. Cognate N1: t(44) = 2.4, p < .01]. The simple main effect of
41

Cognate condition was also significant in the N2 attachment condition [F(2, 92) = 36.8, MSE
= 129738, p < .01, η2p = .45]. The planned comparison showed that when the RC required
attachment to the N2, the TRT on the disambiguating word was shortest in the Cognate N2
(329 ms) condition followed by Non-cognate (365 ms) and Cognate N1 (493 ms) conditions
[Non-cognate vs. Cognate N2: t(46) = 3.2, p < .01; Cognate N1 vs. Cognate N2: t(46) = 6.6, p
< .01; Cognate N1 vs. Non-cognate: t(46) = 6.0, p < .01 ]. The nature of these findings in TRT
was similar to that observed in gaze duration. Furthermore, the shorter TRT on Cognate N1 in
N1 attachment condition and shorter TRT on Cognate N2 in N2 attachment condition
suggests that the presence of a cognate in the complex noun phrase can significantly facilitate
RC disambiguating processes especially when the attachment site and cognate noun were
matched. On the other hand, the longer TRT when the N1 was a Cognate and the RC requires
attachment to the usually-preferred N2 suggests that increased activation of the other
competing noun in the complex noun phrase interferes with typical attachment preferences.
This is a clear demonstration of an interaction between cross-language activation at the lexical
level and syntactic processing. See Figure 2.2 for TRT on disambiguating region in N1 and
N2 attachment condition.
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Total reading time (ms)

N1 attachment

550

N2 attachment

450
350
250
150
Cognate N1

Cognate N2

Non-cognate

Cognate condition

Figure 2.2: Total reading time on disambiguating region in N2 and N2 attachment condition.

Part 3: Total Reading Time on Complex Noun Phrase
The mean value and standard error of TRT on N1 and N2 are summarized in Table 2.8.

Table 2.8: Mean values and stand errors of total reading time (TRT) for N1 and N2 in
experiment 1.
Cognate
condition

TRT

TRT

N1 Attachment

N2 Attachment

N1

N2

N1

N2

Cognate N1

386
(25.3)

450
(32)

471
(23.7)

538
(29.9)

Cognate N2

446
(25.7)

458
(21)

335
(21.3)

418
(19.7)

Non-cognate

444
(22.6)

430
(32)

398
(23.9)

510
(29.9)
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Total reading time of N1
The main effect of Cognate condition of the complex noun phrase was significant
[F(2,180) = 3.3, MSE = 36171.3, p < .05, η2p = .04]. More importantly, the Cognate condition
of complex noun phrase significantly interacted with the RC Attachment condition [F(2,180)
= 20.7, MSE = 228415.7, p < .01, η2p=.19]. The simple main effect test of Cognate condition
in the two RC attachment conditions were both significant [N1 attachment: F(2,84) = 6.2,
MSE = 50683, p < .01, η2p=.13; N2 attachment: F(2,96) = 16.6, MSE = 225291, p < .01, η2p =
.26]. The planned comparison showed that, similar to what was observed in Gaze Duration,
when the RC forced attachment to the N1, and the N1 was a cognate, participants spent less
total reading time on the N1 (Cognate N1: 386 ms; Cognate N2: 446 ms; Non cognate: 444
ms) [Cognate N2 vs. Cognate N1: t(42) = 3.1, p < .01; Non-Cognate vs. Cognate N1: t(42) =
2.8, p < .01]. Thus, the facilitative effect of convergent activation of a cognate representation
persisted into late-stage processes of sentence integration. Also similar to the pattern observed
in Gaze duration, when the RC required attachment to the preferred- N2, participants spent
more time on N1 if it was a cognate. This demonstrates that the added activation of the
cognate head noun continued to interfere with attachment to the N2 in late stage processing,
even though the N2 is the preferred attachment site. Additionally, in the N2 attachment
condition participants spent less total reading time on the N1 when the N2 was a cognate
relative to when neither was a cognate (Cognate N1: 471 ms; Cognate N2: 335 ms; Noncognate: 398 ms) [Non-cognate vs. Cognate N1: t(48) = 2.6, p = .012; Cognate N2 vs. Noncognate: t(48) = 4.8, p < .01]. Thus, when activation of the N2 was heightened by the
combination of the bias of the relative clause as well as cross-language activation, the N1 was
no longer of any interference. These results suggested that the lexical process of N1 is not
only a function of cross-language lexical activation, but also the syntactic processing (i.e. RC
attachment). The reason is that if lexical process and syntactic process are separate,
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participants should uniformly show shorter TRT for the cognate N1 regardless of the
attachment site. However, since the N1 process differed between N1 attachment and N2
attachment condition, participants’ syntactic disambiguation did influence their process on the
attached noun. See Figure 2.3 for the TRT of N1 in N1 and N2 attachment conditions.

N1 attachment

Total reading time (ms)

N2 attachment

550
450
350
250
150
Cognate N1

Cognate N2

Non-cognate

Cognate condition

Figure 2.3: Total reading time of N1 in N1 and N2 attachment condition.

Total reading time on N2
The main effect of Cognate condition of complex noun phrase was significant [F(2,180)
= 4.6, MSE = 72170.9, p < .05, η2p = .05]. More importantly, the Cognate condition of
complex noun phrase significantly interacted with RC Attachment [F(2,180) = 7.5, MSE =
116984.4, p < .01, η2p = .07]. The simple main effect test of Cognate condition was only
significant in the N2 attachment condition [F(2,96) = 10.0, MSE = 192476, p < .01, η2p = .17].
The planned comparison showed that when RC attached N2, participants spent less TRT on
the N2 that was also a cognate (Cognate N1: 538 ms; Cognate N2: 418 ms; Non cognate: 510
ms) [Cognate N2 vs. Cognate N1: t(48) = 4.3, p <.01; Cognate N2 vs. Non-cognate: t(48) =
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3.8, p < .01]. Comparing the results of TRT on N1 with TRT on N2, although they looked
different (i.e. the former showed shorter TRT for cognate N1 whereas the later showed shorter
TRT for cognate N2), they actually corresponded to each other once the RC attachment was
taken into account. The combining results of TRT on N1 and N2 suggested that participants
would spend less time on the cognate noun when that cognate noun was also the correct
attached noun regardless of its position in the complex noun phrase. See figure 2.4 for TRT of
N2 in N1 and N2 attachment conditions.

N1 attachment

Total reading time (ms)

N2 attachment

550
450
350
250
150
Cognate N1

Cognate N2

Non-cognate

Cognate condition

Figure 2.4: Total reading time of N2 in N1 and N2 attachment condition.

Reading span
The reading span measure was used to test whether the degree of interaction between
cross-language lexical activation and syntactic attachment of the relative clause would be
modulated by individual differences in working memory capacity.
Reading span in English. The average English reading span was 63.5 % (18-96;
SD=15). Because RC Attachment condition was a between-participants variable, it was
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important to confirm there were no significant differences in span across the two condition.
The main effect of RC Attachment condition was not significant, confirming that participants
assigned to the two attachment conditions did not differ in their English working memory
capacity [F(1,89) = 3.0, MSE = 166596.7, p > .05, η2p = .03]. The three way interaction of
Cognate condition, RC Attachment and English reading span was not significant. The
interaction between Cognate condition and English reading span was not significant either.
Reading span in Spanish. The average Spanish reading span was 62.7% (29-90;
SD=13.7). The main effect of RC Attachment condition was not significant, confirming that
participants assigned to the two attachment conditions did not differ in their Spanish working
memory capacity [F(1,89) = 3.1, MSE = 171755.1, p > .05, η2p = .03]. The interaction
between Spanish reading span and RC Attachment was not significant, indicating that
participants assigned to the two attachment conditions did not differ in their Spanish working
memory capacity. The three way interaction of Cognate condition, RC Attachment and
Spanish reading span was not significant either.
The above findings did not support our hypothesis and possible explanations will be
discussed in the General Discussion.
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Chapter 3: Experiment 2

The main purpose of Experiment 2 is to examine whether the attached noun’s semantic
overlap across-language is the main reason to facilitate the syntactic process on relative clause
attachment. If this hypothesis is true, the shorter processing time should be observed only
when the attached noun is a cognate N1. However, if the orthographical similarity is the main
reason, the similar facilitation should be observed when the attached noun is a cognate N1,
interlingual homograph N1 and partial cognate N1.

3.1 METHODS
3.1.1 Participants
Participants were 86 Spanish-English bilinguals from the University of Texas at El Paso
and El Paso County were recruited. At first, 116 participants were recruited from the
participant pool website, English for Speakers of Other Languages (ESOL) program and from
courses offered in the Department of Psychology. Only 25 participants received a monetary
compensation of $10 dollars for their participation. The rest of them were either volunteers or
compensated with class credits. Each participant was asked to fill out a Language Experience
and Proficiency questionnaire (LEAP-Q) (Marian et al. 2007) to measure their English and
Spanish proficiency. To ensure that participants could fluently read and comprehend English
and Spanish sentences, participants whose scores of English or Spanish ability were below
seven (on a scale of zero to ten) were excluded from the analyses. According to this criterion
30 participants were excluded and 86 participants were kept for data analyses. Table 3.1
shows participants’ language proficiency in Spanish and English. The reading habit question
from LEAP-Q indicated that when there was a text available in both English and Spanish,
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participants were 63% likely to read this text in English and 37% likely to read this text in
Spanish.

Table 3.1: Participants’ language proficiency in experiment 2 (N = 86).
Spanish (L1)
Age of Acquisition (years)

English (L2)

1.7

7.5

Reading

8.6

8.5

Speaking

9.2

8.3

Listening

9.2

8.6

9

8.5

Self-Reported Rating*

Meaning Rating
*on a scale of 1- 11

3.1.2 Materials
Sentence Reading Task
The design of this task is very similar to that of Experiment 1. The sentences are
divided by two variables, one is the N1 cognate status (Cognate N1, Interlingual Homograph
N1, Partial cognate N1 and Non-cognate N1) and the other one is the relative clause
attachment (N1 attachment and N2 attachment).

Initial norming procedure
Stimulus words. The word frequencies of critical nouns in the complex noun phrase in
all four conditions were measured using CELEX database (Davis, 2005). The frequency value
represents how many times a word appeared per million words. The word frequency in the
disambiguating region in each sentence condition was also measured (see Table 3.2 for
details).
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Table 3.2: Critical word frequency in experiment 2.

N1 Cognate condition*

N1

N2

Cognate

73

Interlingual homograph

Disambiguating region
N1 attachment

N2 attachment

52

35

39

33

83

48

68

Partial Cognate

86

74

42

36

Non-cognate
*per million

54

38

48

31

The orthographic similarity between N1, N2 and disambiguating words and their
Spanish translation equivalents are calculated using an on-line spelling similarity calculation
program ( Hartsuiker, n.d.). (See Table 3.3 for the orthographic similarity of N1, N2 and
disambiguating region in different sentence conditions.)

Table 3.3: Critical word orthographic similarity in experiment 2.
N1 Cognate condition
Cognate
Interlingual homograph

N1

N2

Disambiguating Region

0.83

0.1

0.31

0.23

0.37

Translation

0.24

Homographic associate

0.76

Partial Cognate

0.75

0.22

0.31

Non-cognate

0.11

0.1

0.29

Stimulus sentences. The experimental materials consisted of 148 sentences: 72 critical
sentences, 60 filler sentences and 12 practice sentences. The 72 critical sentences were
divided into N1 and N2 attachment conditions. In each condition, there were 10 sentences for
Cognate and Non-Cognate conditions and 8 sentences for Interlingual Homograph and Partial
Cognate conditions (see Table 3.4 for details).
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Table 3.4: Illustration of critical sentence for experiment 2.
N1
Cognate Condition

RC
Attachment

Example sentences

Cognate

N1

The priest loved the most loyal family of the church,
which had three cute kids attending a private school.

Cognate

N2

The priest loved the most loyal family of the church,
which had three new bells hanging in the smallest tower.

Interlingual Homograph

N1

The buyer really likes the carpet of the chamber which
was made mainly of wool and also other natural fibers.

Interlingual Homograph

N2

The buyer really likes the carpet of the chamber which
does not have enough space to put all the furniture in.

Partial Cognate

N1

The banker saw the arms of the gangster that did not
contain any bullets to fire.

Partial Cognate

N2

The banker saw the arms of the gangster that would not
hesitate to execute him.

Non-cognate

N1

The crazy man kicked the dog of the neighbor that was
in the front yard barking at a stranger on the street.

Non-cognate

N2

The crazy man kicked the dog of the neighbor that was
in the front yard chatting with a stranger on the street.

Sentence structure. Each critical sentence contained a complex noun phrase followed by
a relative clause. Among the complex noun phrases, one fourth of the N1’s were cognates,
one fourth were interlingual homographs, one fourth were partial cognates and the last fourth
N1 were Non-cognates. The relative clauses of these critical sentences either required
attachment to the N1 or to the N2 and each clause contained a disambiguating word that
indicated attachment to one of the nouns (N1 or N2).
Sentence length. The mean sentence length (number of words) was matched across
conditions. The number of words from pronoun (i.e. of ) to disambiguating word were also
matched between three types of sentences. Please see Table 3.5 for details.
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Table 3.5: Sentence length in different sentence conditions in experiment 2.
Sentence Length (word)

Whole Sentence

Pronoun to
Disambiguating Region

N1
Attachment

N2
Attachment

N1
Attachment

N2
Attachment

Cognate

17.9

18

5.7

5.4

Interlingual Homograph

18.6

19

5.6

5.8

Partial Cognate

18.5

17.7

5.0

4.8

Non-cognate

19.5

19.4

5.8

5.8

N1 Cognate Condition

Attachment norming Since the relative clause attachment of N1 and N2 is based on
interpretation of meaning, the manipulation was verified through a pilot experiment with
participants from the same population of the critical experiment. A total of 35 UTEP students
participated in this pilot (they did not participate in the actual experiment). The results
showed that participants rated 6.2 (on a scale from 1 to 7; high score indicated that
participants’ attachment choice matched the experiment’s manipulation) for the sentences
with N1 relative clauses attached, and 5.9 for the sentence with relative N2 clauses attached. I
also calculated the percentage of how many participants’ answers contained words in the
disambiguating regions. The result showed that in the N1 attachment sentences, 78.1% of
participants’ answers included disambiguating words and in the N2 attachment sentences,
75.7% of participants’ answers included disambiguating words.
Apparatus. The apparatus was the same as experiment 1.
Eye-movement measures. The eye-movement measures were the same as experiment 1.

Reading Span Task
The reading span task was the same as experiment 1.

3.1.3 Procedure
The procedure was the same as experiment 1.
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3.1.4 Data Analyses and Trimming
Sentence Reading Task
As with Experiment 1, three aspects of the eye-movement records (FFD, GD, TRT)
were included in the analyses. These analyses focused on N1, N2 and the disambiguating
region.
Data trimming procedures
11 % of the data on critical regions including N1, N2 and disambiguating region cannot
be extracted due to participants’ gaze skipped from the critical region. Fixations on N1, N2
and disambiguating region were excluded from analyses if they were shorter than 50 ms.
Disambiguating region
The main analyses focused on processing times of the disambiguating word because it
would reflect whether the N1’s degree of form/semantic convergence across English and
Spanish moderated the interaction between cross-language activation and syntactic
processing. For this purpose, I computed three 4 x 2 repeated ANOVAs for each eyemovement measurement. The between-subject independent variable was the RC Attachment
(N1 attachment or N2 attachment) and the within-subject variable was the N1 Cognate
condition. The dependent variables were FFD, GD, TRT.
N1 & N2
The analyses of FFD and GD were performed to assess the impact of the cross-language
form/semantic overlap of the N1 on participants’ initial lexical access of the two nouns in the
complex noun phrase. Since FFD and GD reflect lexical processing before syntactic
disambiguation, the FFD and GD data was combined across the two attachment conditions.
Two repeated ANOVAs for N1 were conducted, one for FFD and one for GD. The same
ANOVA analyses were also conducted for N2. The within-subject variable was N1 condition
(Cognate N1, Interlingual Homograph N1, Partial Cognate N1 and Non-cognate N1). For
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TRT, I computed two 2 x 2 repeated ANOVAs, one on N1 and the other on N2 since it is
considered to reflect the integration of lexical and syntactic processes,. The between-subject
variable was the RC Attachment (N1 vs. N2) and the within-subject variable was Cognate
condition of complex noun phrase.
Reading Span Task
The purpose of measuring participants’ working memory capacity was to test whether
cross-language lexical activation interacted with RC attachment through the modulation of
working memory capacity. For this purpose, two repeated ANCOVAs, one for reading span in
English and the other for reading span in Spanish, were conducted. In each ANCOVA,
reading span score was treated as a covariate and the two independent variables were N1
Cognate condition and RC Attachment. The dependent variable was the TRT on
disambiguating region.

3.2 RESULTS
3.2.1 Comprehension Question: Manipulation Check
50% of the experiment sentences including critical and filler sentences were followed by
comprehension questions. The average accuracy for the follow-up comprehension questions
for critical sentences was 76% (56%-100%; SD=12%). The high accuracy rate showed that
participants comprehended the sentences and were able to attach the disambiguating region to
the correct noun.

3.2.2 Sentence Reading Task
The same as Experiment 1, the results are divided into three parts: (1) processing
occurring prior to encountering the relative clause (FFD, GD for both N1 and N2), (2)
processing of the disambiguating region (FFD, GD and TRT), and (3) processing including
after encountering the disambiguating region (TRT for both N1 and N2).
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Part 1: Complex Noun Phrase, early Measures.
The mean value and standard error of FFD, GD on N1 and N2 are summarized in Table 3.6.
Table 3.6: Mean values and stand errors of first fixation duration (FFD) and gaze duration
(GD) for N1 and N2 in experiment 2.
N1 Cognate Condition

FFD

GD

N1

N2

N1

N2

Cognate N1

219
(4.7)

219
(3.9)

273
(7.8)

267
(7.1)

Interlingual Homograph

221
(3.7)

231
(4.9)

253
(6.3)

276
(7.9)

Partial Cognate

224
(4.5)

221
(4.1)

262
(7.3)

269
(7.4)

Non-cognate

224
(3.9)

220
(4.5)

273
(7.8)

255
(7.2)

FFD on N1
There were no significant main effects or interactions.
GD on N1
The effect of N1 condition was significant. [F(3,255) = 3.5, MSE = 7787.5, p < .05, η2p =
.04]. The follow up t-test showed that the GD on Interlingual Homograph N1’s was
significantly shorter than non-cognate N1’s (273 ms)[ t(85) = 2.8, p < .01]. Finding shorter
processing times for interlingual homographs in gaze duration suggest that there was some
facilitation in lexical access due to orthographic form overlap across the two languages.
First fixation duration on N2
The effect of the condition of the N1 on processing times of the N2 was significant
[F(3,255) = 2.7, MSE = 2617.6, p < .05, η2p = .03]. The follow up t-test comparison showed
that the FFD of N2 was longer when the N1 was an Interlingual Homograph (231 ms) than
when it was a Cognate (219 ms) [t(85) = 2.4, p =.02] or Non-cognate (220 ms) [t(85) = 2.1, p
= .04]. The longer FFD of N2 in Interlingual Homograph condition suggests that at this early
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stage of sentence processing, the competition of the distinct meanings of the interlingual
homograph N1’s had not yet been resolved by the time the readers reached the second noun of
the complex noun phrase.
Gaze duration on N2
The effect of N1 condition was significant [F(3,255) = 2.8, MSE = 6534.2, p < .05, η2p =
.04]. The follow up t-test showed the GD for N2 was longer when the N1 was an Interlingual
Homograph (276 ms) than when it was a Non-cognate (255 ms) [t(85) = 2.5, p = .013].
Similar to the FFD findings, the longer of N2 in Interlingual Homograph condition suggests
the competing of distinct meanings of the interlingual homograph N1’s had not resolved.

Part 2: Disambiguating Region
The mean value and standard error of FFD, GD and TRT for the disambiguating region
are summarized in table 16. As mentioned before, the main purpose of analyzing the reading
time on disambiguating region was to test whether the critical N1’s form/semantic overlap
across English and Spanish could alter the syntactic process of RC attachment. This
hypothesis would be supported if the reading time for the N1 Cognate condition was shorter
than that of the N1 Non-cognate condition and the reading time for the N1 Interlingual
Homograph condition was longer than that of the N1 Non-cognate condition.
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Table 3.7: Mean values and stand errors for first fixation duration (FFD), gaze duration (GD),
and total reading time (TRT) for Disambiguating Region in experiment 2.
RC Attachment

N1

FFD

GD

TG

Cognate

236
(6.0)

311
(10.6)

401
(18.5)

Interlingual Homograph

225
(6.6)

293
(11.2)

352
(19.3)

Partial Cognate

209
(6.4)

316
(12.3)

428
(23.5)

Non-Cognate

241
(7.7)

336
(10.8)

442
(23.3)

Cognate N1

223
(6.0)

281
(10.6)

424.7
(18.5)

Interlingual Homograph

222
(6.6)

279
(11.3)

410
(19.3)

Partial Cognate

220
(6.4)

294
(12.3)

393
(223.5)

Non-Cognate

234
(7.7)

292
(10.8)

427
(23.3)

Cognate Condition
N1

N2

First fixation duration
The effect of N1 Cognate condition was significant [F(3,252) = 8, MSE = 8161.6, p <
.01, η2p = .09]. The pairwise comparison showed that the FFD for the N1 Partial Cognate
condition (215 ms) was shorter than that for the N1 Cognate (229 ms) and Non-Cognate (237
ms) conditions [Partial Cognate vs. Cognate: t(85)=3.7, p<.01; Partial Cognate vs. Noncognate: t(85)=3.8, p<.01 ]. The effect of RC Attachment and the interaction between N1
Cognate Status and RC Attachment were not significant. The shorter FFD of partial cognate
N1 may reflect certain degree of facilitation caused by the orthographic similarity.
Gaze duration
The N1 Cognate condition was significant [F(2,252)= 6.3, MSE=13179.3, p < .01,
η2p=.07]. The planned comparison showed that the GD of the disambiguating word was
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significantly shorter when the N1 was a cognate (295 ms) or Interlingual Homograph (285
ms) relative to when the N1 was a non-cognate (314 ms)[Cognate vs. None Cognate: t(85) =
2.97, p < .01; Interlingual Homograph vs. None Cognate: t(85) = 3.97, p < .01]. This result
seems to suggest that participants can disambiguate the relative clause attachment faster when
the attached noun shares its orthography with Spanish. The RC Attachment effect was also
significant [F(1,84) = 4.0, MSE = 63283.2, p < .05, η2p = .05] which reflected longer GD on
the disambiguating word when the RC attached to N1 (314 ms) then to the N2 (286 ms). This
suggests a preference for attaching to the N2, similar to what was observed in Experiment 1.
The interaction of N1 Cognate condition and RC Attachment was not significant.
Total reading time
The main effect of the N1 Cognate condition reached significance [F(3,252) = 5.5, MSE
= 41487.3, p < .01, η2p = .06]. The main effect of RC Attachment was not significant. The N1
Cognate condition and RC Attachment were significantly interacted [F(3,252) = 4.85, MSE =
36392.8, p < .01, η2p = .06]. The simple main effect of N1 Cognate condition was significant
in the N1 attachment condition [F(3,126) = 8.6, MSE = 67418.6, p < .01, η2p = .17]. The
planned comparison showed that when the sentences required N1 attachment, the TRT on the
disambiguating region was shorter when the N1 was a Cognate (400ms) or an Interlingual
Homograph (352 ms) relative to when it was a non-cognate condition (442 ms) [Cognate vs.
None Cognate: t (42) = 2.46, p = .018; Interlingual Homograph vs. None Cognate: t(42) = 4.8,
p < .01]. The simple main effect of N1 Cognate condition was not significant in the N2
attachment condition. The above result seemed to indicate that participants would spend less
time on the disambiguating region when the N1 was orthographically similar to Spanish
words. Similar to the results in Experiment 1, the facilitation effect was observed only when
the attachment site and attached noun were matched. See Figure 3.1 for TRT of
disambiguating region in N1 and N2 attachment conditions.
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N1 Attachment
N2 Attachmnet

550

TRT (ms)

450

350

250

150
Cognate

Interlingual
Homograph

Partial Cognate

Noncognate

N1 Cognate condition

Figure 3.1: Total reading time on disambiguating region in N2 and N2 Attachment condition.

Part3: Total Reading Time on Complex Noun Phrase
The mean value and standard error of TRT on N1 and N2 are summarized in table 3.8.

Table 3.8: Mean values and stand errors of first total reading time (TRT) for N1 and N2 in
Experiment 2.
N1
Cognate Condition

TRT

TRT

N1 Attachment

N2 Attachment

N1

N2

N1

N2

Cognate N1

456
(29.0)

422
(24.6)

469
(29.0)

442
(24.6)

Interlingual Homograph

371
(26.3)

415
(32.0)

425
(26.3)

486
(32.0)

Partial Cognate

446
(28.6)

407
(25.3)

451
(28.6)

425
(25.3)

Non-Cognate

475
(34.7)

435
(35.0)

517
(34.7)

465
(35.0)
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Total reading time on N1
The main effect of N1 Cognate condition was significant [F(3,252) = 11.6, MSE =
143831.9, p < .05 , η2p=.12]. The planned comparison showed that the mean TRT of N1
Interlingual Homographs (397 ms), Partial Cognates (448 ms) and Cognates (462 ms) were
significantly or close to significantly shorter than the mean TRT of N1 non-cognates (496 ms)
[Interlingual Homograph vs. Non-cognate: t(85) = 6.1, p < .01; Partial Cognate vs. Noncognate: t(85) = .2.5, p < .05; Cognate vs. Non-cognate: t(85) = 1.9, p = .06]. This result
seemed to reflect the effect of lexical transparency, regardless of the meaning similarity,
participants spent less time on fixating the N1 as long as it shared similar spelling with
Spanish. The main effect of RC Attachment was not significant.
Total reading time on N2
The main effect of N1 Cognate condition and RC Attachment were not significant and
the interaction was not significant either.
Reading span
Similar to Experiment 1 the reading span measure was used to test whether crosslanguage lexical activation interacted with RC attachment through the modulation of working
memory capacity. Therefore, if cognates did modulate working memory available for RC
attachment, the three-way interaction of Cognate condition, RC Attachment and reading
would be significant. Additionally, eight single regression analyses (4 cognate conditions x 2
RC attachments) were conducted to assess whether reading span would predict the total
reading time on disambiguating region differently across conditions.
Reading span in English. The average reading span was 63.5 % (18-98; SD=14.9) in
English. The main effect of RC Attachment was not significant, confirming that participants
assigned to the two attachment conditions did not differ in their English working memory
capacity[F (1,82) = 2.0, MSE = 101356.9, p > .05, η2p= .05]. The three way interaction of N1
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Cognate condition, RC Attachment and English reading span was significant [F (3,246) = 4.6,
MSE = 31949.1, p < .01, η2p = .05]. To determine the nature of the interaction eight linear
regressions were conducted. Table 18 summarizes the results of these regression analyses.
These regression results indicated that in the sentences with N1 attachment participants’
English reading span can predict their TRT on the disambiguating region in the Cognate and
Non-Cognate conditions. However, in the sentences with N2 attachment English participants’
English reading span can predict their TRT on disambiguating region only in the Non-cognate
condition. Moreover, the negative coefficients indicated that the higher the English reading
span, the less time the participant spent on disambiguating region.

Table 3.9: Summary of regression analyses of English Reading Span on TRT in
disambiguating region in Experiment 2.
RC

N1

Attachment

Cognate Condition

N1

N2

R2

Standardized
Coefficients()

t-value

p-value

Cognate

.21

-.46

-3.3

<.01

Interlingual Homograph

.02

-.13

-.8

>.05

Partial Cognate

.12

-.35

-2.4

=.02

Non-Cognate

.21

-.46

-3.3

<.01

Cognate

.02

-.14

-.9

>.05

Interlingual Homograph

.05

-.20

-1.5

>.05

Partial Cognate

.01

.09

.5

>.05

Non-Cognate

.13

-.36

-2.5

=.02

Reading span in Spanish. The average reading span was 59.6% (13-96; SD=15.1) in
Spanish. The main effect of RC Attachment was not significant, confirming that participants
assigned to the two attachment conditions did not differ in their Spanish working memory
capacity[F (1,82) = 3.8, MSE = 200269.7, p > .05, η2p= .05]. The three way interaction of N1
Cognate condition, RC Attachment and Spanish reading span was significant [F(3,246) =4.6,
p<.01; MSE=31949.1; η2p=.05]. To determine the nature of the interaction eight linear
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regressions were conducted. Table 3.10 summarizes the results of these regression analyses.
These results suggested that Spanish reading span was still an important contributor to
participants’ TRT on the disambiguating region in the N1 attachment sentences, but not in the
N2 attachment sentences. Moreover, the negative coefficients indicated that the higher the
Spanish reading span, the less time the participant spent on disambiguating region.

Table 3.10: Summary of regression analyses of Spanish reading span on TRT in
disambiguating region in experiment 2.
RC
Attachment
N1

N2

R2

Standardized
Coefficients()

t-value

p-value

Cognate

.13

-.36

-2.4

<.05

Interlingual Homograph

.04

-.20

-1.3

>.05

Partial Cognate

.11

-.33

-2.2

<.05

Non-Cognate

.18

-.44

-3.1

<.01

Cognate

.00

.01

0.07

>.05

Interlingual Homograph

.00

-.03

-0.2

>.05

Partial Cognate

.09

.30

2.0

=.05

Non-Cognate

.05

-.23

-1.5

>.05

N1
Cognate Condition

Several critical results that are highly related to the hypotheses of this study are pointed
out. First, based on the R2 in the two attachment conditions, English reading span was a more
influential predictor in predicting the total reading time on the disambiguating word. Second,
negative standard coefficient for the N1 Partial Cognate condition suggests that for this
particular condition, greater working memory capacity allowed for faster resolution of the
syntactic ambiguity of the sentence in conjunction with the form to meaning ambiguity of the
head noun. Third, in the N1 attachment condition the standard coefficient for the N1 Cognate
condition was similar to that of the N1 Non-cognate condition. On the other hand, the
standard coefficients in the Interlingual Homograph condition and Partial Cognate condition
were much smaller (the absolute value) than that in the Non-cognate conditions. Fourth, in the
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N2 attachment condition all the standard coefficients in the three critical conditions were
smaller (the absolute value) than that in the Non-cognate conditions. The implications of these
findings to the present study’s hypotheses are discussed next.
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Chapter 4: General Discussion

The present study demonstrates that cross-language activation of a cognate noun in the
complex noun phrase can alter the syntactic disambiguating process of relative clause
attachment. The findings across both experiments showed shorter mean gaze duration and
total reading time for the disambiguating word when cognates were present in the complex
noun phrase. Moreover, further analyses suggest that the cognate’s position in the complex
noun phrase is not the critical cause for the facilitating effect on disambiguation. The
facilitation depends critically on the match between attachment site and cognate position. As
long as the attachment site is the same as the cognate’s position, the disambiguating process
can be facilitated. On the other hand, one finding from Experiment 1 also showed a cost (i.e.,
longer total reading time on disambiguating region) when the attached noun and cognate noun
were different (i.e., attachment site is N2 and cognate is N2 in Experiment 1).
An important observation from this study is that cross-language activation at the lexical
level can fundamentally alter an RC attachment preference. Across both experiments shorter
gaze durations on the disambiguating word were observed when they required attachment to
the N2, indicating an N2 attachment preference for Spanish-English bilinguals who attend an
English university. However, this N2 attachment preference was eliminated when the
competing attachment site (N1) was a cognate. More specifically, the total reading times for
the N2 were inflated when the N1 was a cognate, even when the disambiguating region
allowed for attachment to the preferred site. This is the first time this type of interaction and
modulation of a syntactic RC attachment preference has been observed.
In summary, the above findings are more compatible with previous studies that support
the language tuning model (Dussias, 2003; Dussias & Sagarra, 2007). Furthermore, these
findings also enrich the language tuning model including bilingual sentence processing. There
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are several reasons to make this conclusion. The first reason is that the construal model is a
syntactic-based model which focuses on the general and language-specific rules that
determine the correct attachment. However, it does not include whether or how
lexical/semantic information could shift or alter relative clause attachment. Second, although
the language tuning model does not include anything about the lexical/semantic influence on
relative clause attachment either, it does emphasize how language environment/experience
can alter the attachment processing. Third, the language environment/experience mentioned in
the language tuning model is at a macro level (i.e. living in a Spanish or English speaking
environment). The present study provides some insights about how or what type of language
experience may alter the relative clause attachment at a micro level. It appears that for
bilinguals the relative clause attachment is not only a choice based on the syntactic rules, but
that their language experience can alter their attachment preference. Moreover, the crosslanguage activation of the attached noun in the complex noun phrase should be considered as
a type of language experience that alters bilinguals’ relative clause attachment processing.
In addition to the syntax parsing theories, the present study sheds some light on the
long-lasting debate between modular versus interactive theories of sentence processing. First,
shorter gaze duration on the disambiguating region was found when the cognate was the
attached noun suggesting that the interactivity of lexical and syntactic process start at the
early lexical access stage. This interactive perspective of sentence processing is compatible
with the constraint-based model, which also proposes that sentence comprehension is parallel
and interactive, allowing for syntactic processes to be affected by lexical information
(Macdonald et al, 1994; Garnsey et al., 1997; Wilson & Garnsey, 2009). However, since
previous studies have tested this model solely in monolingual reading, utilizing crosslanguage activation of cognate to examine relative clause attachment extends the constraintbased model to bilingual sentence processing.
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Although the present study supports the interactive model by showing the early
interaction of lexical and syntactic processing, it does not disprove the modularity model.
First, the effect of cross-language activation on relative clause attachment was more salient in
the total reading time. However, if the syntactic ambiguity could be resolved at early lexical
access stage in the disambiguating region, the total reading time should be equivalent across
conditions. Second, consistent with the findings on disambiguating region, the result of
complex noun phrase in Experiment 1 also showed shorter total reading time on the attached
cognate and longer total reading time on the non-attached cognate N1. Thus, if the syntactic
ambiguity could be resolved during early lexical access, participants’ should not need to reread the complex noun phrase. Therefore, the total reading time on N1 or N2 should be
equivalent across conditions. Both of these predictions do not fit with the results suggesting
that the issue of interactivity versus modularity need not be posed as a dichotomy but rather as
a matter of degree of interactivity that can fluctuate depending on the processing demands of
comprehension and the stage of processing.
Another interesting finding in the complex noun phrase is the shorter total reading
time of N1 in the Cognate, Interlingual Homograph and Partial Cognate conditions in
Experiment 2. Because these three types of words share similar orthography with Spanish, it
is possible that the observed facilitation occurred at the lexical (i.e. orthographical) level
instead of at the semantic level. However, this explanation does not rule out the influence of
semantics on relative clause attachment, it only tells us that perhaps the co-activation of
lexical information alone is strong enough to make it less necessary for participants to re-read
the complex noun phrase. Previous studies have shown that the readers’ sentence
comprehension (i.e., reading time on disambiguation region or the words after) is a function
of the preceding homonyms’ relative meaning frequency (Gunter, Wagner & Friederici, 2003;
Miyake, Just, & Carpenter, 1994). In these studies, participants spent a longer time to
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disambiguate when the disambiguating region biased the subordinate meaning and a shorter
time to disambiguate when the disambiguating region biased the dominate meaning.
Another issue related to this argument is that if semantic information in the complex
noun phrase still influences the relative clause attachment, why the interlingual homographs’
distinct meanings do not cause interference (i.e. longer reading time) on the interlingual
homograph itself and also its corresponding disambiguating region. A possible explanation is
that the distinct meanings would not necessarily create processing cost as long as the sentence
context does not bias the subordinate meanings of the homograph. According to the resonance
framework explained by Gottlob, Goldinger, Stone & van Orden (1999), perceiving a word
would send diffuse waves from the orthographical nodes to the associated phonological and
semantic nodes and the phonological and semantic nodes would also return feedback to the
orthographical nodes. Therefore, when a task requires orthographical and semantic resonance,
homographs can activate two distinctive patterns due to distinctive meanings. Hence, if only
accessing the dominating meaning is required by the task, the processing time of homographs
should not be delayed.
The resonance framework is originally a monolingual model; however, it can also be
extended to interpret bilingual language processing (Schwartz, Kroll & Diaz, 2007). For
example, in the present study all participants knew that the sentence-reading task was in
English. It is reasonable to assume that the English meaning of a homograph is more
dominant than the Spanish meaning. Additionally, all sentences in the Interlingual homograph
condition are either neutral or biased to the English meaning (4 out of 8) since it is impossible
to bias the interlingual homographs to their Spanish meanings. Under these two constraints, it
is very likely that the interlingual homographs’ Spanish meanings have very little or even no
chance to compete with English meaning and delay the follow up attachment choice. This
explanation also suggests some attenuation for cross-language non-selectivity at least in the
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sentence context as pointed out by other previous studies (Schwartz & Kroll, 2006; van Hell
& de Groot, 2008). The reason is that if the meanings from both languages are equally
activated the competition between two meanings would lead to prolonged reading time.
Therefore, the findings of the present study show some degree of language selectivity in
bilingual sentence processing.
One major hypothesis of this study was that the effect of cross-language activation on
relative clause attachment happens through the modulation of readers’ working memory
capacity. Additionally, there is also the assumption that the more semantic overlap of critical
words between Spanish and English, the more mental resource would be freed up for
syntactic processing. These hypotheses are not fully supported based on the findings from
both experiments. First, participants’ reading time on disambiguating region was not
predicted by their reading span in Experiment 1. However, in Experiment 2 both English and
Spanish reading spans significantly covaried with participants’ relative clause attachment.
Second, although the effect of working memory capacity is observed in relative clause
attachment, the lexical transparency, instead of semantic overlap, is more likely responsible
for easing working memory resources for relative clause attachment. The following
discussion will first focus on how bilinguals’ working memory capacity influences their
relative clause attachment. Then a discussion on how and whether cross-language activation
can interact with relative clause attachment through easing available working memory
resource. Finally, discrepancies between Experiment 1 and 2 will be addressed.
In Experiment 2, the negative standard coefficients in regression analyses indicate that
as participants’ reading span (in both English and Spanish) increases, less processing time on
the disambiguating region is required. The only exception is that there is a positive correlation
between the Partial Cognate condition and the Spanish reading span in N2 attachment
condition. The negative coefficients found in most analyses are consistent with previous
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studies which also show that higher span readers can resolve lexical and syntactic ambiguity
faster (MacDonald, Just & Carpenter, 1992; Miyake, Just, & Carpenter, 1994; Yeh &
Schwartz, in preparation). Moreover, the gradual decreasing total reading time on
disambiguating region in N1 attachment condition seems to suggest that participants prefer
N1 attachment as their working memory capacity increases. This result is also consistent with
other previous monolingual studies in which high span readers tend to have N1 attachment
preference (Felser, Marnis & Clahsen, 2003; Traxler, 2007; but see Swets et al. 2007).
The most interesting finding regarding the working memory capacity analyses is the
association between the higher reading span and the shorter total reading time on
disambiguating region. However, this trend would go away or attenuate when the critical
words possess properties (i.e. lexical and semantic) shared by both languages. This effect is
especially obvious in the N2 attachment condition in which only the reading span (both in
English and Spanish) in the Non-cognate condition predicted the total reading time on
disambiguation. In N1 attachment, except cognate N1, the presence of interlingual homograph
N1 and partial cognate N1 could either eliminate or attenuate the effect of reading span on
syntactic disambiguation (i.e. the total reading time on disambiguating region). This result is
consistent with another study (Yeh & Schwartz, in preparation) done in our laboratory in
which we found that as bilinguals’ working memory capacity increases, the time for syntactic
disambiguation decreases. However, the presence of a cognate N1 in the complex noun
phrase can eliminate this relationship. Both studies provide the convergence evidence to the
hypothesis that cross-language activation can reduce working memory demands and prevent
the syntactic process from affecting the working memory capacity. Moreover, since the
attenuation of working memory effect on relative clause attachment was found in all three
cognate conditions (either in N1 or N2 attachment conditions), the nature of this cross-
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language activation is more likely due to pure lexical transparency instead of semantic
overlap.
However, one crucial discrepancy between these two studies is that in the former
study (Yeh & Schwartz, in preparation) the cross-language activation was found in the
relationship between working memory and relative clause attachment in the sentence with N1
attachment. However, in the present study the effect was more obvious in the N2 attachment
condition where the total reading time was actually equivalent across conditions. Several
explanations are discussed here. First, it is not clear why the cross-language activation
prevents the working memory capacity from affecting the relative clause attachment in the N2
attachment. One possibility comes from the processing principles such as predicate proximity
(Gibson, Pearlmutter, Canseco-Gonzalez, & Hickok, 1996) or relativized relevance (Frazier &
Clifton, 1996). According to these principles, N1 is a more accessible discourse entity than N2
because it is the argument of the main verb. Maybe due to this reason attaching N1 makes the
preceding words (e.g. The persist loves the most royal family of the …..) more connected to
the relative clause; therefore, more working memory resource is needed during
comprehension. However, when the syntactic disambiguation itself occupies too much
working memory resources even the cross-language activation can level the effect of working
memory capacity, it may not be detected. Second, there was no N2 attachment condition in
Yeh & Schwartz’ study, thus no comparisons can be made to see whether a similar effect
would be found in the sentences with N2 attachment. Third, although no cognate effect
facilitation on the total reading time of disambiguating region was found in the N2
attachment, that does not mean that cross-language activation can prevent the relative clause
attachment from be affected by working memory capacity. According to Hashimoto (2010)
the asymmetry between subject relative and object relative clause processes could be
observed only when lexical processing saves more available working memory resources. The
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same logic can be applied to explain this finding because N2 attachment has a low working
memory resources cost (due to the recency effect and the participants’ N2 attachment
preference) so that whether Non-cognates would cost more working memory resources than
other three types of critical words would be easier to detect.
As mentioned earlier, individual working memory capacity only predicted
participants’ total reading time in Experiment 2, but not in Experiment 1. The discrepant
results between these two experiments were probably due to the dissimilar participants’
language backgrounds. In Experiment 1, Most of the 55 participants who received 10 dollars
for participation were students that were attending an ESOL program. Although, participants
were recruited only from advanced classes, it is possible that they still have lower English
language knowledge such as smaller vocabulary repertoire or slower reading time. These
factors might have prevented the detection of the effect of individual working memory
capacity. Moreover, although the self-report proficiency showed that participants from two
experiments have similar language proficiency, their reading habits tell another story. In
Experiment 1, participants reported being 51% likely to read a text in Spanish and 49% in
English. However, in experiment 2, participants reported being 37% likely to read a text in
Spanish and 63% in English. It is possible that due to this discrepancy, participants’ actual
English reading proficiency in Experiment 2 is much higher than participants in Experiment
1. Therefore, even if the working memory capacity truly has an influence on the relative
clause attachment, the effect should have been easier detected by the participants in
experiment 2.
The findings of the present study offer some leads for future studies. First, according to
the present study’s findings, the lexical transparency is the main cause for the facilitation
effect on syntactic disambiguation instead of semantic overlap. . However, as stated before, it
is possible that the lexical information is enough to create the facilitation; especially under the
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condition that the incorrect meanings could be ruled out very early even when participants
just saw the N2. One way to test whether a cognate’s semantic information from the nontarget language would really affect syntactic disambiguation is to emphasize the weight of
semantic information on the resolution of syntactic ambiguity. For example, in addition to
presenting cognate in the complex noun phrase, the homonym in the disambiguating region
can be used. In that case only the meaning that associates with the cognate would be
interpretable. Hence, if the resolution of relative clause ambiguity is speeded up it, more
likely the semantics of cognate would be responsible for this facilitation.
In the present study, the subjective relative clause (e.g. who goes to work), but not the
objective relative clause (e.g. who the reporter talked to) was examined. Also, the question of
whether cross-language activation could influence individual difference (i.e. working memory
capacity) on syntactic disambiguation was analyzed. However, working memory resource was
not manipulated directly. In the future, I would like to test the effect of cross-language action
on relative clause attachment through the asymmetry between subject and object relative
clause. Studies have shown that the objective relative clause requires more mental resource
(King & Just, 1991; Ko, 2005; Traxler, Morris & Seely, 2002). Therefore, using two types of
relative clauses would allow me to directly manipulate the working memory resource.
Additionally, I would like to extend this research to include other types of bilinguals,
especially, to languages that are highly distinctive. Unlike Spanish and English, Chinese is a
language in which the relative clause precedes the complex noun phrase. I am interested in
investigating whether Chinese or Chinese-English bilinguals would demonstrate a high or low
attachment preference and how the preceding relative clause would influence later attachment
processing. Such project may have theoretical and educational implications. First, although
there is vast bilingual literature on the difference of relative clauses attachment on two IndoEuropean languages, there are fewer studies on languages that come from two different
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language families. Studying diverse languages can expand our understanding of human
cognitive complexity and capability. Second, the Chinese language uses a character de to
represent possession. For example, the daughter of the actor would be actor de daughter.
Although the function of de is similar to ‘s in English, de can also be used to mark a
modifying clause. Therefore, the usage of de may increase the complexity to disambiguate the
attachment. Third, in comparison to other international students who use another IndoEuropean language as first language, Chinese students usually show more grammatically
errors in speaking and writing. Understanding these differences may potentially facilitate the
English (or Chinese) as a Second Language education.
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Appendix A
SENTENCE MATERIALS IN EXPERIMENT 1
Cognate N1 Condition
Relative Clause Attachment
N1

The priest loved the most loyal family of the church, which had three cute kids
attending a private school.

N2

The priest loved the most loyal family of the church, which had three new bells
hanging in the smallest tower.

N1

The police spoke with the doctor of the fighter who in his career had healed many
black eyes.

N2

The police spoke with the doctor of the fighter who in his career had knocked out
many opponents.

N1

The detective saw the pilot of the aircraft that was later discovered dead in a mall.

N2

The detective saw the pilot of the aircraft that was later discovered destroyed in a
field.

N1

The architects discussed the plan of the building, which has just been printed on a
sketch paper.

N2

The architects discussed the plan of the building, which has just been constructed
on a new area.

N1

The investigator read the confession of the waitress that had already been altered
by her jealous husband.

N2

The investigator read the confession of the waitress that had already been fired by
her demanding boss.

N1

The journalist interviewed the secretary of the mayor who is well known for
speed typing during meetings.

N2

The journalist interviewed the secretary of the mayor who is well known for
effective management of the city.

N1

The judge talked to the interpreter of the prosecutor who did not provide a correct
translation for the foreign defendant.

N2

The judge talked to the interpreter of the prosecutor who did not provide strong
proof to the international jury.

N1

The lawyer pleaded for the victim of the crime that had been found guilty after
careful investigation.

N2

The lawyer pleaded for the victim of the crime that had been committed several
months ago.

N1

We looked at the image of the beach that was about to be posted by a famous
photographer on the internet.

N2

We looked at the image of the beach that was about to be washed away by a
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strong hurricane in the Pacific Ocean.
N1

A tourist read the map of the trail that did not have a scale for measuring distance.

N2

A tourist read the map of the trail that did not have any grass along the way.

Cognate N2 condition
Relative clause attachment
N1

The careless security guard shot the daughter of the actor, who just started
kindergarten for two months.

N2

The careless security guard shot the daughter of the actor, who just grew a
mustache for a new film.

N1

The new scandal destroyed the marriage of a prince that had inherited all the riches
of the kingdom.

N2

The new scandal destroyed the marriage of a prince that had lasted well over thirty
years.

N1

The farmer picked up the seeds of the fruit that had been ripe for several weeks.

N2

The farmer picked up the seeds of the fruit that had been spread all around the
backyard.

N1

The destructive hurricane brought the mud of the jungle, which consisted of small
stones and rich soil.

N2

The destructive hurricane brought the mud of the jungle, which consisted of tall
trees and short bushes.

N1

A pickpocket kept an eye on the suitcase of the tourist that looked like an old
scholar in his seventies.

N2

A pickpocket kept an eye on the suitcase of the tourist that looked like an old
carpetbag from the seventies.

N1

The chief arrested the niece of the porter who had worked as a doorman in the
station.

N2

The chief arrested the niece of the porter who had worked as a waitress in the
station.

N1

A guy flirted with the wife of a professor who was trying out some new research
before retirement.

N2

A guy flirted with the wife of a professor who was trying out some new makeup in
front of a counter.

N1

The vet examined the wounds of the elephant that caused severe damage to the
village last year.

N2

The vet examined the wounds of the elephant that caused severe damage to the
skin on the trunk.

N1

The clerk talked to the guest of the hotel that was not in good spirits during the
conversation.
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N2

The clerk talked to the guest of the hotel that was not in good repair before the
renovation.

N1

The driver picked up the baggage of a visitor that was on a trip to Las Vegas
celebrating his promotion.

N2

The driver picked up the baggage of a visitor that was on a cart close to the front
door.

Non-cognate condition
Attachment site
N1

The social worker found the toddler of a dancer who spent most of her time
babbling instead of talking to her mom.

N2

The social worker found the toddler of a dancer who spent most of her time
traveling instead of caring for her child.

N1

The guards were fooled by the costume of the thief that seemed to be tailored for a
much larger man.

N2

The guards were fooled by the costume of the thief that seemed to be addicted to
stealing.

N1

The plumber had replaced the faucet of the sink, which had a rusty drain at the
bottom.

N2

The plumber had replaced the faucet of the sink, which had a rusty knob on the
top.

N1

The US marshal protected the witness of the murder that still cannot be identified
for safety reasons.

N2

The US marshal protected the witness of the murder that still cannot be solved
with so little evidence.

N1

A young man fell in love with the maid of the queen, who was asked to clean the
castle after a big party.

N2

A young man fell in love with the maid of the queen, who was asked to lead the
country after the king's death.

N1

You have to pay attention to the top of the box, which looks like an intricate
drawing of a compass.

N2

You have to pay attention to the top of the box, which looks like a small cabinet
stored in the closet.

N1

A cowboy fed the horse of the singer that won the championship in a singing
competition last year.

N2

A cowboy fed the horse of the singer that won the championship in a racing
competition last year.

N1

The crazy man kicked the dog of the neighbor that was in the front yard barking at
a stranger on the street.
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N2

The crazy man kicked the dog of the neighbor that was in the front yard chatting
with a stranger on the street.

N1

The dragon attacked the Knight of the kingdom that was a very strong empire
during the Dark Ages.

N2

The dragon attacked the Knight of the kingdom that was a very strong fighter
during the Dark Ages.

N1

John had met the teacher of a student who was rushing to give a class in the
morning.

N2

John had met the teacher of a student who was rushing to take a test in the
morning.
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Appendix B
SENTENCE MATERIALS IN EXPERIMENT 2
Cognate N1 Condition
Attachment site
N1

The priest loved the most loyal family of the church, which had three cute kids
attending a private school.

N2

The priest loved the most loyal family of the church, which had three new bells
hanging in the smallest tower.

N1

The police spoke with the doctor of the fighter who in his career had healed
many black eyes.

N2

The police spoke with the doctor of the fighter who in his career had knocked out
many opponents.

N1

The detective saw the pilot of the aircraft that was later discovered dead in a
mall.

N2

The detective saw the pilot of the aircraft that was later discovered destroyed in a
field.

N1

The architects discussed the plan of the building, which has just been printed on a
sketch paper.

N2

The architects discussed the plan of the building, which has just been constructed
on a new area.

N1

The investigator read the confession of the waitress that had already been altered
by her jealous husband.

N2

The investigator read the confession of the waitress that had already been fired
by her demanding boss.

N1

The journalist interviewed the secretary of the chief who is well known for speed
typing during meetings.

N2

The journalist interviewed the secretary of the chief who is well known for
effective management of police force.

N1

The judge talked to the interpreter of the prosecutor who did not provide a correct
translation for the foreign defendant.

N2

The judge talked to the interpreter of the prosecutor who did not provide strong
proof to the international jury.

N1

The lawyer pleaded for the victim of the crime that had been found guilty after
careful investigation.

N2

The lawyer pleaded for the victim of the crime that had been committed several
months ago.

N1

We looked at the image of the beach that was about to be posted by a famous
photographer on the internet.
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N2

We looked at the image of the beach that was about to be washed away by a
strong hurricane in the Pacific Ocean.

N1

A tourist read the map of the trail that did not have a scale for measuring
distance.

N2

A tourist read the map of the trail that did not have any grass along the way.

Interlingual Homograph condition
Attachment site
N1

The buyer really likes the carpet of the chamber which was made mainly of wool
and also other natural fibers.

N2

The buyer really likes the carpet of the chamber which does not have enough
space to put all the furniture in.

N1

The reporter interviewed the mayor of the town that has had only one son in the
past ten years.

N2

The reporter interviewed the mayor of the town that has had only one bar in the
past ten years.

N1

I have never been to the biggest library of the county that has a lot of collections
about indigenous culture.

N2

I have never been to the biggest library of the county that has a lot of remains
about indigenous culture.

N1

The young lady tried to tie the rope of the gown which would make a beautiful
knot on her back.

N2

The young lady tried to tie the rope of the gown which would be her formal dress
for the prom.

N1

John couldn’t use the code of the lock which should include four numbers put in a
certain order.

N2

John couldn't use the code of the lock which would also need a key to open
successfully.

N1

Everyone was rushing to the exit of the theater which has always been blocked by
piles of trash.

N2

Everyone was rushing to the exit of the theater which had once been the palace of
the royal family.

N1

The anthropologist went to the border of the country which did not have many
patrols checking visitors.

N2

The anthropologist went to the border of the country which did not have a big
population struggling to survive.

N1

Several camels passed by the camp of the sniper that is actually located near the
river.

N2

Several camels passed by the camp of the sniper that is actually a spy from the
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other country.

Partial Cognate condition
Attachment site
N1

She was not satisfied with the sentence of the killer that was only a short
imprisonment for two years.

N2

She was not satisfied with the sentence of the killer that was not even sorry to
the victim's family

N1

The banker saw the arms of the gangster that did not contain any bullets to fire.

N2

The banker saw the arms of the gangster that would not hesitate to execute him.

N1

The sad father tried to save the only figure of his daughter that had not been torn
in the washing machine.

N2

The sad father tried to save the only figure of his daughter that had been
kidnapped by strangers.

N1

My cousin is a big fan of a show that has been watching television day and night.

N2

My cousin is a big fan of a show that has been very popular throughout Latin
America.

N1

I am planning to spend the rest of the summer, which is only two weeks,
traveling in Europe.

N2

I am planning to spend the rest of the summer, which is my favorite season,
traveling in Europe.

N1

Scientists have found the original molds of the gold coins which were made of
clay in ancient Greece.

N2

Scientists have found the original molds of the gold coins which were a common
currency in ancient Greece.

N1

My father can see only the first letter of the chapter that is thought to be
pronounced like TWO in English.

N2

My father can see only the first letter of the chapter that is thought to have
disappeared two thousand years ago.

N1

Elizabeth was reading the tables of body weights that also had information about
age and height.

N2

Elizabeth was reading the tables of body weights that are not healthy for women
under five feet tall.

Non-cognate condition
Attachment site
N1

The social worker found the toddler of a dancer who spent most of her time
babbling instead of talking to her mom.
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N2

The social worker found the toddler of a dancer who spent most of her time
traveling instead of caring for her child.

N1

The guards were fooled by the costume of the thief that seemed to be tailored for a
much larger man.

N2

The guards were fooled by the costume of the thief that seemed to be addicted to
stealing.

N1

The plumber had replaced the faucet of the sink, which had a rusty drain at the
bottom.

N2

The plumber had replaced the faucet of the sink, which had a rusty knob on the
top.

N1

The US marshal protected the witness of the murder that still cannot be identified
for safety reasons.

N2

The US marshal protected the witness of the murder that still cannot be solved
with so little evidence.

N1

A young man fell in love with the maid of the queen, who was asked to clean the
castle after a big party.

N2

A young man fell in love with the maid of the queen, who was asked to lead the
country after the king's death.

N1

You have to pay attention to the top of the box, which looks like an intricate
drawing of a compass.

N2

You have to pay attention to the top of the box, which looks like a small cabinet
stored in the closet.

N1

A cowboy fed the horse of the singer that won the championship in a singing
competition last year.

N2

A cowboy fed the horse of the singer that won the championship in a racing
competition last year.

N1

The crazy man kicked the dog of the neighbor that was in the front yard barking at
a stranger on the street.

N2

The crazy man kicked the dog of the neighbor that was in the front yard chatting
with a stranger on the street.

N1

The dragon attacked the Knight of the kingdom that was a very strong empire
during the Dark Ages.

N2

The dragon attacked the Knight of the kingdom that was a very strong fighter
during the Dark Ages.

N1

John had met the teacher of a student who was rushing to give a class in the
morning.

N2

John had met the teacher of a student who was rushing to take a test in the
morning.
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